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EXECUTIVE SUMMARY

General Information

This report addresses the portion of WRIA 45 that drains into the Wenatchee River and
includes the Squilchuck, Stemilt, and Colockum watersheds of WRIA 40, all contained
within the boundaries of Chelan County. The Wenatchee subbasin, Water Resource
Inventory Area (WRIA) 45, drains a portion of the east slopes of the Cascade Mountains
in north central Washington within Chelan County. Encompassing approximately 1,371
square miles, the subbasin is bounded on the west by the crest of the Cascade Mountains.
It is bounded on the north and east by the Entiat Mountains and to the south by the
Wenatchee Range. A tributary of the Columbia River, the Wenatchee River travels 54.2
miles before it empties into the Columbia River at the City of Wenatchee (RM 468.4),
fifteen miles upstream of Rock Island Dam (RM 453.4), the seventh Columbia River dam
upstream from the confluence of the Columbia River with the Pacific Ocean.

The Squilchuck, Stemilt and Colockum watersheds of WRIA 40 lie south of the City of
Wenatchee where WRIA 40 extends northward into Chelan County. These watersheds
drain directly into the Columbia River at RMs 464.0, 461.9 and 450.0, respectively. This
portion of WRIA 40 is bounded on the west by Naneum and Mission ridges, on the south
by Jumpoff Joe Ridge, and on the west to north by the Columbia River, Beehive
Mountain and Dry Gulch.

Upper Columbia River summer steelhead, which includes the Wenatchee River run, were
listed under the Endangered Species Act (ESA) as “endangered” on August 18, 1997,
Upper Columbia River spring chinook salmon, which includes the Wenatchee River run,
were listed under the ESA as “endangered” on March 24, 1999. Upper Columbia River
bull trout, which includes the Wenatchee subbasin populations, were listed under the
ESA as "threatened” on June 10, 1998. All stocks of steelhead and spring chinook in the
Wenatchee subbasin identified by the state Salmon and Steelhead Stock Inventory report
(SaSI; WDF/WDW 1993), are classified as “Depressed” based on chronically low
production. The summer chinook salmon and the Wenatchee sockeye salmon, which
both spawn and rear in the Wenatchee subbasin, are not ESA listed species and are
classified as “Healthy” by the state SaSI based on escapement (WDF/WDW 1993). Coho
salmon were extirpated from the Upper Columbia River region in the early 1900s.

Efforts are presently underway by the Yakama Nation to reintroduce them.

In the late1800’s, overfishing on the lower Columbia River severely depleted salmon
runs to upper Columbia River tributaries (Chapman 1986). By the 1930s, anadromous
salmonid runs in the Wenatchee subbasin were decimated because of overfishing in the
lower Columbia River fisheries and irrigation diversion practices and habitat degradation
in the subbasin. Bull trout populations in the Wenatchee subbasin may also have been
negatively impacted by many factors, among them, habitat fragmentation resulting from
dewatering and fish passage barriers created by turn of the century water diversions. In
1939, a hatchery program was launched to offset the loss of access and mitigate for
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impacts created by the soon to be completed Grand Coulee Dam. Despite ongoing
hatchery programs, resource managers have not been able to reestablish the spring
salmon and steelhead populations of the Upper Columbia River region to self-sustaining
levels. Failure can be attributed to a number of factors including passage problems and
mortality associated with seven hydroelectric facilities on the mainstem Columbia River
downstream of the Wenatchee River, unfavorable ocean conditions, harvest pressures,
and degradation of ecological processes and habitat within the Wenatchee subbasin
(Peven, 1992; WDF/WDW 1993; Williams et al. 1996).

This Salmon, Steelhead and Bull Trout Habitat Limiting Factors Report for the
Wenatchee River subbasin focuses on habitat conditions in the subbasin as they affect the
ability of the habitat to sustain naturally-producing salmonid populations. It provides a
snapshot in time based on the data and published material available during the
development of this report and the professional knowledge of the Technical Advisory
Committee (TAC). Revisions to the report are not currently funded, however it is the
hope of the Washington State Conservation Commission (WCC) that the information and
assessment provided here will be utilized and built upon in future subbasin planning
efforts designed to promote the restoration of self-sustaining salmonid populations in the
Upper Columbia River Region.

Data in the literature on habitat conditions in the subbasin are well developed for federal
USFS lands, which comprise about 76 % of the total subbasin. Data regarding habitat
conditions on private lands is more limited and less readily available. However, a recent
fish passage barrier inventory by Chelan County (Harza 2000), an in-progress Lower
Wenatchee River Channel Migration Zone survey, and the initiation of Watershed
Planning under RCW 90.82, also by Chelan County, will contribute to the knowledge
base on private lands. Additionally, the creation of the Upper Columbia Salmon
Recovery Board (UCSRB), has greatly contributed to a coordinated and more consistent
consideration of habitat conditions and priorities within the Wenatchee subbasin. The
UCSRSB is a partnership among Chelan, Okanogan and Douglas counties, the Yakama
Nation (YN) and Colville Confederated Tribes (CCT) in cooperation with local, state,
and federal partners. The mission of the UCSRB is to restore viable and sustainable
populations of salmon, steelhead, and other at-risk species throughout the collaborative
efforts, combined resources, and wise resource management of the Upper Columbia
River Region. Given the available information, during the development of this report, the
TAC relied heavily upon its combined professional knowledge to assess the extent to
which habitat conditions affect salmonid productivity in the Wenatchee subbasin. The
TAC members’ knowledge of habitat-forming processes and general salmonid habitat
needs provided the basis for drawing conclusions in this report.

In the short-term, projects designed to treat symptoms of habitat degradation should be
implemented with caution until a long-term salmonid habitat protection and restoration
strategy can be developed. Focus should be removed from treating the effects of habitat
degradation (ie. reduced pool quality and quantity, habitat, cobble embeddedness,
reduced levels of LWD, high instream temperatures, and accelerated bank instability)
with short-lived, engineered treatments (ie. stabilizing banks, anchoring woody debris,
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planting vegetation and installing barbs) to diagnosis and treatment of the causes of
habitat degradation. A long-term strategy should maintain a subbasin-wide, ecosystem-
based approach and define a course of action to correct those factors that are causing the
habitat degradation. Section 070 of the Salmon Recovery Act (RCW 77.85), directs the
Lead Entity Citizen’s Committee to develop this strategy. As per this legislation, Chelan
County, Lead Entity for WRIA 45, have convened this Citizen’s Committee.
Components of the strategy for “prioritizing and implementing salmon restoration
activities... in a logical sequential manner that produces habitat capable of sustaining
healthy populations of salmon” are to include project monitoring, project evaluation, and
adaptive management strategies. Integrated into the context of a long-term strategy,
short-term structural channel manipulations can then be more biologically effective. All
structural improvement projects should be designed so the placement is appropriate for
the hydro-geomorphological characteristics of the reach.

Factors Affecting Natural Salmonid Production in the Wenatchee Subbasin.

Anadromous salmonid populations in the Wenatchee subbasin are influenced by the
following out-of-subbasin impacts; degraded estuarine habitat, fish harvest, unfavorable
ocean conditions, and the affects of seven Columbia River reservoirs and hydroelectric
dams on smolt and adult migration. Spring and summer chinook salmon, sockeye
salmon, and steelhead trout must negotiate a 468 mile journey from the mouth of the
Wenatchee River to the Pacific Ocean, once as smolts and again as adults. Out-of-
subbasin impacts on anadromous salmonids are being addressed at the state and federal
level in forums outside the salmonid habitat limiting factors assessment process presented
here. The scope of this report will be limited to an assessment of subbasin habitat
conditions only.

Within the subbasin, human alterations to the environment are exacerbating naturally
limiting conditions by reducing habitat quality and quantity, thereby reducing a species’
chances of successfully completing its life cycle. These alterations have primarily
occurred in the lower gradient, lower reaches of watersheds in the lower subbasin and
include road building and placement, conversion of riparian habitat to agriculture and
residential development, water diversion, reduced large woody debris (LWD)
recruitment, and flood control efforts that include LWD removal, berm construction, and
stream channelization.

Maintaining the present level of habitat functionality and connectivity in watersheds of
the upper Wenatchee subbasin is of primary importance for sustaining salmonid
populations in the subbasin. This includes the Little Wenatchee/White River, Nason, and
Chiwawa River watersheds where overall, habitat function is rated by the TAC as very
high, with habitat concerns focused along transportation/utility corridors and on privately
owned floodplains in lower reaches. Maintenance of functioning floodplain habitat may
be achieved through many means, including but not limited to: conservation easements;
out-right purchase from willing sellers; habitat protection ordinances; and any other
means local citizens, scientists and policy makers can develop to achieve the maintenance
of floodplain habitat functions. To maintain connectivity with the Nason Creek
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watershed, there is also a strong need to restore floodplain function and riparian habitat in
Nason Creek where state highway impacts, railroads, and utility corridors have confined
the channel and reduced channel sinuosity in places.

To provide for the year-round spawning, rearing and migratory habitat needs of all life
history stages of spring and summer chinook salmon, steelhead trout, sockeye salmon and
bull trout, floodplain habitat along the Wenatchee River corridor must provide adequate
quantities of naturally-forming, accessible, high quality, watered, off-channel habitat.
Given that the level of functionality and connectivity of the upper watersheds is
maintained, habitat conditions in the mainstem Wenatchee River (RM 0.0 — 54.2) have
the greatest potential to affect salmonid fish production in the Wenatchee subbasin. The
mainstem of the Wenatchee River serves as the corridor through which chinook,
steelhead, sockeye and fluvial bull trout must pass to access habitat within the subbasin.
It also maintains connectivity among the watersheds in the Wenatchee subbasin as well
as with the greater Columbia River system.

Reestablishing passage at human-made fish passage barriers on Icicle Creek would
provide access to a Wenatchee subbasin watershed that is mostly in a highly functional
condition. This is dependent on fish passage through the boulder fields at RM 5.6 which
may vary by species and with flow conditions. Reconnecting the Icicle watershed to the
rest of the Wenatchee subbasin has the potential to contribute to: 1) maintaining bull trout
populations and restoring the fluvial bull trout life history form to the Icicle Creek
watershed; 2) reestablishing a strong, wild steelhead run in the Icicle Creek watershed,
and 3) opening additional spawning and rearing habitat to spring chinook in the
Wenatchee subbasin. To fully realize the potential benefits of reestablishing connectivity
between the majority of the Icicle Creek watershed and the rest of the Wenatchee
subbasin, low instream flows and high instream temperatures must also be addressed in
Icicle Creek from the mouth upstream to RM 5.7. Habitat restoration projects aimed at
restoring the channel’s ability to dissipate energy and manage sediment loads would
further improve salmonid productivity in the watershed. This includes restoring
floodplain function and channel-forming processes within the lower 16.8 miles of Icicle
Creek, and reducing human-induced sediment input.

The drainage/watersheds located in the lower portion of the Wenatchee subbasin
(Chumstick drainage, Mission Creek watershed, and Peshastin Creek watershed) have
been severely altered from their naturally functioning condition and are highly
fragmented. Salmon, steelhead and bull trout populations in these drainages/watersheds
are significantly reduced from their historic potential and, due to the existing land use
activities and management issues, have less potential for recovery than watersheds in the
upper Wenatchee subbasin. Among the Chumstick, Mission, and Peshastin watersheds,
Peshastin Creek is of primary importance given the watershed’s potential to contribute to
bull trout, spring chinook, and steelhead production in the Wenatchee subbasin. The
relative contribution to flows in the Wenatchee River from these drier watersheds of the
subbasin is low, limiting the potential for these watersheds to contribute to improved
flows in the mainstem Wenatchee River.
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The Squilchuck, Stemilt and Colockum drainages of WRIA 40 are extremely low surface
water producers given their arid climate and geologic condition. Fish production in these
drainages are strongly affected by low water years when available moisture is limited to a
brief spring runoff event with which to sustain instream flows in most reaches. In these
drainages, only the lower reaches of Squilchuck, Stemilt and Colockum creeks have any
potential to support anadromous salmonids, with the upper extent naturally limited by
gradient and/or stream channel size and flows. These drainages are primarily or
exclusively steelhead/rainbow trout waters with chinook use, when not precluded by
flows, limited to “pull-in” rearing behavior by summer chinook and spring chinook
juveniles migrating through the Columbia River system. However, of interest is the
distribution and status of native redband trout populations in these watersheds, which
may contribute to steelhead populations in high water years.

Little information exists regarding the impact of hydroelectric development in the Upper
Columbia River system on bull trout, although recent radio telemetry data has
documented adult bull trout living in the Columbia River are able to safely negotiate
through the Rocky Reach and Wells Hydroelectric Projects (S. Bickford, Douglas County
PUD, pers. comm., 2001). Earlier, Brown (1992) speculated that the conversion of the
free-flowing upper Columbia River to a series of reservoir impoundments has had a
negative effect on fluvial bull trout. However, maintaining self-sustaining populations of
stream-resident, adfluvial and fluvial forms of bull trout within the Wenatchee subbasin
is mostly dependent on providing properly functioning habitat and access to that habitat
in sufficient quantities within the subbasin. Past fish harvest pressures within the
subbasin, bolstered by relatively easy access, also have had a negative impact on bull
trout populations in the subbasin.

Natural environmental conditions also can limit natural production of salmonids in the
Wenatchee subbasin. In years when moisture availability is limited by climatic
conditions, instream flows become severely reduced resulting in dewatered reaches,
winter icing, and higher summertime water temperatures. Depending on the severity of
the climatic conditions, the duration and extent of low instream flows and dewatered
reaches can expand. These conditions restrict salmonid movements, dewater redds, and
strand juveniles, resulting in direct mortality to salmonids. Catastrophic disturbances are
also a natural component of this ecosystem and limit salmonid production. Landslides,
floods and fire create a disturbance regime that cleanses, builds and replenishes the
aquatic environment. While these events reduce habitat availability or function in one
stream reach, they improve habitat conditions in another stream reach by recruiting
spawning gravels and LWD while flushing sediment.

The Technical Advisory Group’s Recommendations Ranked in Order of
Importance

1. Maintain highly functional habitat in \Wenatchee subbasin watersheds. The
White/Little Wenatchee River and Chiwawa River watersheds represent systems that
most closely resemble natural, fully functional aquatic ecosystems. In general these

15



watersheds support large, often continuous blocks of high—quality habitat and support
all life-history stages of multiple salmonid species. Connectivity is good among
subwatersheds and through the mainstem Wenatchee River corridor is good. The
immediate strategy should be to maintain properly functioning habitat within these
watersheds so they can continue to support robust salmonid populations resilient to
normal environmental disturbances. These populations can then to expand their range
into adjacent watersheds in the subbasin.

Maintain and restore habitat on the mainstem Wenatchee River. Recent research
indicates that the mainstem Wenatchee River provides important habitat for many life
stages of spring and summer chinook salmon and steelhead. The mainstem at this
time is most vulnerable to riparian and instream habitat degradation. All remaining
habitat functions on the mainstem Wenatchee River should be protected, and
floodplain functions should be restored, especially in the Lower Wenatchee River
(RM 0.0 - 25.6) and particularly from the Mission Creek confluence downstream to
the Columbia River confluence (UCSRB RTT 2001). This includes riparian, and off-
channel habitat located in the floodplain of tributaries to the Wenatchee River in this
reach (i.e. berms in the vicinity of Cashmere and Monitor; oxbows cut off by
railroads and state highways along Lower Nason Creek and Peshastin Creek). The in-
progress Chelan County Lower Wenatchee River Channel Migration Zone study,
once completed, should assist subbasin planning efforts to more confidently target
and prioritize sites on the Lower Wenatchee River for protection and restoration. The
study should also contribute to the development of a coordinated, subbasin-level
approach to habitat maintenance and restoration that can address issues of
maintaining habitat connectivity and habitat-forming processes.

Restore ecosystem functions and connectivity within the Wenatchee subbasin.
The Nason Creek, Icicle Creek, and Peshastin Creek watersheds support important
populations of salmon, steelhead or bull trout, maybe only at the subwatershed level,
but have experienced a greater level of habitat alteration. Connectivity may still exist
or could be restored within the watershed so it is possible to maintain or rehabilitate
life history patterns and dispersal. Restoring ecosystem functions and connectivity
within these watersheds should be priorities as per discussion within this report,
especially in the Nason Creek watershed which supports the second strongest
population of spawning spring chinook in the Wenatchee subbasin.

Evaluate the relationship between stream flows and water use in the subbasin.
Low instream flows and dewatering in reaches naturally occur in areas of the
Wenatchee subbasin. These conditions are related to climatic and geologic
conditions. However, in areas of the subbasin where water diversions and
withdrawals also occur, there is often a lack of clarity and confidence as to what the
cause and affect relationship is between out-of stream water use, irrigation practices,
naturally occurring conditions, and instream flow in a given stream reach. The extent
to which improved water conservation practices and decreased water diversion and
withdrawal may improve instream flows, appreciably improving salmonid production
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in a given reach, requires further data collection and analysis. Specifically, a better
understanding is needed of the potential effects of the Chiwawa Irrigation District
water diversion on instream flows in the lower Chiwawa River. Alternatives to
improve instream flows in the lower Wenatchee River, lower Icicle Creek, Peshastin
Creek, and Mission Creek need to be investigated.

5. Increase instream low-flows negatively impacted by human impacts.. Low
instream flows from July until fall rains begin, are a natural condition in the subbasin
and are highly variable from year to year based on climatic conditions. This
condition can be exacerbated by human-induced changes in the subbasin, potentially
altering the timing and magnitude of peak and base flows. During periods of low
snowpack and drought, low flow conditions can extend earlier into the summer and
later into the fall months. Natural low flow conditions can be exacerbated by the
diversion and withdrawal of instream flows for irrigation and domestic use during
July, August, and especially September. Given the natural variation in stream flows in
the Wenatchee subbasin, developing and implementing water conservation practices
and water use and delivery efficiencies for all water uses subbasin-wide is critical to
insuring sustainability of naturally-producing, anadromous salmonids in the
Wenatchee subbasin.

Summary of Habitat Conditions by Watershed

Presented below is a summary, by watershed, of habitat conditions that have been
identified by the TAC in the development of the report. A summary of habitat conditions
in the Chumstick drainage (part of the Mainstem Wenatchee River Watershed) is also
provided here. Its habitat issues are extensively identified in the literature and could not
be adequately captured if lumped into the discussion of the mainstem Wenatchee River.
A more detailed discussion of habitat conditions in each watershed can be found in the
“Salmonid Habitat Conditions by Watershed” chapter of the report. Past and existing
efforts to maintain and restore salmon habitat and other watershed management needs,
are identified in the Northwest Power Planning Council (NWPPC) Wenatchee Subbasin
Summary (2001).

Mainstem Wenatchee River Watershed (203,088 acres). Total juvenile salmonid
densities in the Wenatchee River are primarily limited by the availability of high flow
refuge habitat for post-emergent fry (Hillman and Chapman 1989a). Fry densities that
exceed the river’s late summer rearing capacity may then be limited by available habitat
quality and quantities during late summer (Hillman and Chapman 1989a). The mainstem
Wenatchee River also provides overwintering habitat for juvenile spring chinook and
juvenile steelhead. Since it is likely that juvenile steelhead emigrate from smaller
tributaries into the mainstem Wenatchee River with the onset of colder stream
temperatures, this emphasizes the importance of maintaining adequate winter rearing
habitat in the mainstem Wenatchee River to accommodate an additional influx of rearing
salmonids. Protecting and restoring habitat that provides both high and low flow refugia
is critical to improving salmon and steelhead production in the Wenatchee subbasin. The
most significant habitat impacts in this watershed include a loss of floodplain habitat and

17



habitat forming processes that develop and maintain habitat complexity. Water
diversions and withdrawals that contribute to reduced flows during the late summer and
early fall further exacerbate the problem of decreased habitat quantity and quality in the
mainstem Wenatchee River during this period.

Chumstick Creek Drainage (47,000 acres). The Chumstick Creek drainage
contributes approximately 0.2 % of the annual average flow to the Wenatchee
River. Impacts to the channel migration zone from private land development, and
sediment delivery from road densities on forest service lands, are the most
important issues in this drainage and are driving habitat degradation. Many of the
highly degraded habitat attributes affect channel morphology (road density and
location, loss of floodplain connectivity, an alteration of disturbance regimes, loss
of refugia, and loss of off-channel habitat). Additionally, instream flows are very
low, upstream access is blocked at multiple locations, water quality is degraded,
and high fine sediments may limit spawning success and food production
(macroinvertebrate communities). The Chumstick drainage has been identified as
one of the more problematic drainages in the entire Wenatchee subbasin relative
to land use impacts and management issues.

Mission Creek Watershed (59,609 acres). The Mission Creek watershed contributes
approximately 1 % of the annual average flow to the Wenatchee River. The largest factor
contributing to the decline of spring chinook and steelhead in the watershed is
dewatering, low flows, and the associated high instream temperatures in Mission Creek
below Sand Creek, and in Brender Creek. Second in significance are the negative
impacts to fish passage in the watershed. Fish passage barriers are created by dewatering
and low flows near the mouth of Mission Creek and by culverts, dewatering/low flows,
and diversion dams in the lower reaches of Brender, Yaksum, and E. Fk. Mission creeks,
all major tributaries to Mission Creek. Finally, the loss of functioning habitat in the
floodplain of Mission and Brender Creeks significantly reduces the production potential
of the watershed. The lower reaches of these streams in their natural functioning
condition, historically would have provided critical overwinter habitat for rearing
juvenile salmonids in the Wenatchee subbasin, as well as a migration corridor, spawning
habitat, spring high flow refugia for rearing juveniles and adult resting habitat. Channel
alterations to accommodate roads, urban and residential development, and agriculture
have resulted in a straightened channel without associated wetlands and riparian
vegetation, that is disconnected from its floodplain and does not allow for habitat-
forming processes. Along with responding to opportunities to reestablish floodplain
functions, restoring upland habitat that has been impacted by harvest and road
development will be necessary to restore channel functions in Mission Creek and its
tributaries.

Peshastin Creek Watershed (78,780 acres). The Peshastin Creek watershed contributes
approximately 4 % of the annual average flow to the Wenatchee River. The lost channel
sinuosity, floodplain function, and riparian habitat (including off-channel habitat) within
the channel migration zone of Peshastin Creek has had the greatest negative impact on

salmonid production in the watershed and is driving habitat degradation. This impact is
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caused primarily by the location of State Highway 97. Second to the impacts of lost
channel function on Peshastin Creek are the impacts created by the Peshastin Irrigation
District (PID) water diversion located at RM 4.8. As currently operated, the diversion
negatively impacts salmon, steelhead and bull trout use in the watershed by contributing
to low flow conditions that preclude adult bull trout migration, hinder spring chinook
migration, and dewater the lower reach. Until the channel’s ability to manage the
transport and storage of water, bedload and LWD is restored to an appropriately
functioning condition, and until human-induced, low flow conditions can be addressed,
other salmonid habitat projects in the watershed will have a very limited or negligible
affect on improving salmonid production. To improve the health and functionality of the
Peshastin Creek ecosystem, habitat impacts in upper Peshastin Creek and in tributaries to
Peshastin Creek must be addressed as well.

Icicle Creek Watershed (136,960 acres). The Icicle Creek watershed contributes 20 %
of the annual average flow to the Wenatchee River. In the Icicle Creek watershed, natural
conditions (steep gradients, water falls, flows) limit access in tributaries. However, given
the total size of the watershed and the quality of the habitat, the remaining available
portion of the watershed still offers a large amount of potentially productive habitat. This
is dependent on fish passage through the boulder field at RM 5.6, which may vary by
species and according to flow conditions. To make this upper watershed habitat
accessible, habitat restoration in the lower Icicle watershed, that addresses human-
induced impacts and is designed within a reach or other appropriate hydrologic unit, is
necessary. The Icicle Creek watershed could then potentially contribute to: 1)
maintaining bull trout populations and restoring the fluvial bull trout life history form in
the Icicle Creek watershed (MacDonald et al. 2000); 2) reestablishing a strong, wild
steelhead run in the Icicle Creek watershed; and 3) opening additional spawning and
rearing habitat to spring chinook in the Wenatchee subbasin.

While protecting functioning floodplain and riparian habitat downstream of the
wilderness boundary (RM 17.5; primarily habitat downstream of the Leavenworth
National Fish Hatchery at RM 2.8), restoring full fish passage at human-made passage
barriers on Icicle Creek is critical. Next, low flow conditions and associated high
instream temperatures in the lower reaches of Icicle Creek from RM 5.7 at the
Icicle/Peshastin Creek water diversion downstream to the mouth, negatively impact
salmonid fish passage and decrease habitat quantity. Habitat degradation in the lower 3.8
miles of Icicle Creek needs to be addressed as well to fully realize the potential benefits
of reestablishing connectivity between the majority of the Icicle Creek watershed and the
rest of the Wenatchee subbasin. Habitat restoration projects that allow Icicle Creek to
adjust to changes in flows and sediment within the channel migration zone of Icicle
Creek would further improve salmonid productivity in the Icicle Creek watershed. This
would include projects aimed at improving riparian habitat functions and floodplain
functions.

Chiwawa Creek Watershed (117,000 acres). The Chiwawa River watershed
contributes 15 % of the annual average flow to the Wenatchee River. Maintaining fish
passage through the lower reach of the Chiwawa River is critical to sustaining spring
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chinook, steelhead, and bull trout populations in the Wenatchee subbasin. Although
impacts to the naturally functioning condition of the lower Chiwawa River have
occurred, passage is not yet thought to be hindered. Protecting functioning floodplain
and riparian habitat is the highest priority in this watershed, especially in the vicinity of
the Chikamin Creek confluence. Investigating the extent to which the Chiwawa
Irrigation Diversion (CID) contributes to elevated instream temperatures in the lower 3.5
miles of the Chiwawa River is second in priority. If water temperatures are or become
substantially elevated in late summer in the lower Chiwawa river, the existing excellent
connectivity of this watershed with important habitat throughout the Wenatchee subbasin
could be weakened. Habitat in the watershed above Chikamin Creek (RM 13.8) is largely
pristine. Brook trout should also be noted as one of the greatest threats to bull trout
populations in the Chiwawa watershed. To date no brook trout have been observed in the
upper watershed, but brook trout are well established in the lower watershed (especially
in Chikamin Creek) and no barriers hinder brook trout access to the upper watershed.

Nason Creek Watershed (69,000 acres). The Nason Creek watershed contributes 18 %
of the annual average flow to the Wenatchee River. The significance of the Nason Creek
Watershed lies in its potential contribution to spring chinook production in the
Wenatchee subbasin and its connectivity to the upper Wenatchee subbasin salmonid
populations, especially the bull trout subpopulation. Maintaining the remaining
functioning floodplain and riparian habitat is the first priority in the Nason Creek
watershed. Habitat restoration projects that allow Nason Creek to adjust to changes in
flows and sediment within the channel migration zone is second in priority. This would
include projects aimed at improving riparian habitat functions and floodplain functions,
especially reconnecting off-channel habitat to the extent it is determined to cumulatively
show an appreciable improvement in channel function. Habitat restoration projects
aimed at reducing sediment delivery to stream channels from human-induced causes
should be the third in priority. The location of highways, railroad and powerline
corridors adjacent to Nason Creek have confined and straightened the channel in places.
Timber harvest, road development and conversion of the floodplain to residential uses in
Nason Creek and its tributaries from RM 15.4 downstream have degraded and reduced
spawning and rearing habitat in the watershed.

White/L ittle Wenatchee River Watershed (175,285 acres). The White and Little
Wenatchee River combined contribute 40% of the annual average flow to the Wenatchee
River (25% and 15%, respectively). Maintenance of functioning floodplain and riparian
habitat, including shallow water habitats and shoreline habitat of Lake Wenatchee, is the
highest priority in this watershed. Loss of floodplain function on the White and the Little
Wenatchee Rivers is the greatest threat to salmonid production in the White/Little
Wenatchee Watershed. The White and the Little Wenatchee Rivers have among the best
aquatic habitat and strongest native fish populations anywhere in the Columbia basin
(USFS 1998m). The connectivity between these two watersheds and other good aquatic
habitat is also among the best in the Columbia basin. Their connectivity to a large,
undammed lake, Lake Wenatchee, also adds to their high regional value (USFS 1998m).
Much of the reason for the high aquatic health of these watersheds is that in the
depositional reaches near the mouth of both rivers, both the structurally complex,
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meandering channels and the broad, wetland-filled floodplains remain largely
undeveloped, despite the presence of considerable private land.

Reducing the effects of road density and location in the Little Wenatchee River drainage
is second in priority in the watershed, with emphasis on Rainy Creek and the Little
Wenatchee River from the mouth upstream to Cady Creek (RM 16.9), followed by
restoring wetland connectivity and function in the vicinity of the Lake Wenatchee inlet.
Additionally, timber harvest within riparian areas on the mainstem Little Wenatchee and
Rainy Creek has further reduced potential LWD recruitment, altered runoff and water
storage patterns, and increased fine sediment input into receiving waters. Restoring
wetland connectivity and function is second to habitat protection in the White River
drainage.

WRIA 40 Squilchuck, Stemilt and Colockum Watersheds (96,882 acres). The extent
to which these watershed can support salmon and steelhead/rainbow trout is most
strongly limited by the natural hydrology and geology in these low precipitation
watersheds. Because of the reliance on snow accumulation and snowmelt to support
instream flows and the high permeability of the soils, perennial flows are not supported in
many areas limiting access to habitat. This condition is worsened during low water years.
Given the natural geology of the watershed, chinook salmonid use is naturally limited to
the lowest reach of the tributaries to the Columbia River, before steep channel gradient
precludes upstream fish passage. Adult steelhead trout could naturally penetrate higher
into the watershed on good water years, given passage at culverts and diversion dams.
However, intermittent flows later in the year, coupled with severe habitat degradation
present significant limitations to steelhead/rainbow productivity in these watersheds. The
status and distribution of the native redband trout populations is unknown for these
watersheds.

Wenatchee Subbasin Inventory and Assessment Data Gaps

Following are the overriding subbasin-level inventory and assessment data gaps for the
Wenatchee subbasin. Obtaining this information will increase the ability of the public
and technical staff to make natural resource management decisions at the subbasin-level
with a higher degree of confidence in the outcomes. Data gaps at the watershed level are
listed in the “Salmonid Habitat Conditions by Watershed” chapter of the report.

» Astudy is needed to define current floodplains and riparian habitat in the Wenatchee
River corridor in terms of channel form and process. This would contribute to the
development of a habitat protection and restoration strategy that would address issues
of maintaining habitat connectivity and habitat-forming processes. Chelan County
has initiated a Channel Migration Zone Study of the Wenatchee River from the
bottom of Tumwater Canyon downstream to the Columbia River confluence,
including the lower 4.0 miles of Nason Creek. Supplemental studies may be needed.

* A hydrologic assessment is needed to evaluate groundwater and surface water
interactions (including the effect of water diversions and withdrawals on ground and
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surface water), identify critical ground water recharge areas, and identify locations
where groundwater contributes to surface water in the Wenatchee River corridor,
including the alluvial fans. A measure of the affect this interaction has on moderating
high summertime stream temperatures and low summer/fall instream flows should be
included. These factors should be addressed by the Watershed Planning Unit in
Phase 11 of Wenatchee Watershed Planning (RCW 90.82).

More information is needed on bull trout distribution and habitat use for all life
history forms found in the Wenatchee subbasin (fluvial, adfluvial, and resident). The
extent of habitat fragmentation (i.e. water crossing structures, thermal barriers,
dewatering/low flows) on bull trout, both its causes and affects, is needed.
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INTRODUCTION

Habitat Limiting Factors Background

The successful recovery of naturally spawning salmon populations depends upon
directing actions simultaneously at harvest, hatcheries, habitat and hydroelectric facilities,
the “4H’s”. The 1998 state legislative session produced a number of bills aimed at
salmon recovery. This report was written pursuant to Engrossed Substitute House Bill
(ESHB) 2496 as codified in RCW 77.85, the Salmon Recovery Act, a key piece of the
1998 Legislature’s salmon recovery effort. It represents a compilation of information
regarding known habitat conditions in the Wenatchee subbasin, Water Resource
Inventory Area (WRIA) 45, and in the Squilchuck, Stemilt, and Colockum watersheds in
WRIA 40, all of which fall within the boundaries of Chelan County.

RCW 77.85 in part:

» directs the Conservation Commission in consultation with local government and the
tribes to invite private, federal, state, tribal and local government personnel with
appropriate expertise to act as a technical advisory group (section 070, subsection 1,
RCW 77.85);

 directs the technical advisory group to identify limiting factors for salmonids to
respond to the limiting factors relating to habitat pursuant to section 060 subsection
2(a) of this RCW (section 070, subsection 3, RCW 77.85);

» defines limiting factors as “conditions that limit the ability of habitat to fully sustain
populations of salmon.” (section 010, subsection 5, RCW 77.85);

* defines salmon as “all members of the family Salmonidae which are capable of self-
sustaining, natural production.” (section 010, subsection 7, RCW 77.85).

The overall goal of the Conservation Commission’s limiting factors project is to identify
habitat factors limiting production of salmonids in the State. At this time, the report
identifies habitat limiting factors pertaining to salmon, steelhead trout and bull trout. It is
important to note that the responsibilities given to the Conservation Commission in
ESHB 2496 do not constitute a full limiting factors analysis. The hatchery, hydro and
harvest segments of identifying limiting factors are being dealt with in other forums.

This limiting factors report includes the portion of WRIA 45 that drains into the
Wenatchee River and the Squilchuck, Stemilt, and Colockum watersheds of WRIA 40,
all contained within the boundaries of Chelan County (Figure 1: Map of Watershed
(HUC5) in WRIA 45 and Portions of WRIA 40).
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Figure 1: Map of Watersheds (HUC 5) in WRIA 45
and Northern Portion of WRIA 40
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Not included in this report is the portion of WRIA 45 located on the west side of the
Columbia River and extending from the south part of the City of Wenatchee at Dry
Coulee northward to Rocky Reach Dam. This area contains tributaries that drain directly
into the Columbia River but are seasonal in nature and do not support salmonid
populations. The watersheds of WRIA 45 are; Mainstem Wenatchee River, Mission
Creek, Peshastin Creek, Icicle Creek, Chiwawa River, Nason Creek, and the White/Little
Wenatchee River. The watershed boundaries are consistent with the USFS Hydrologic
Unit Code (HUC) 5" field boundaries in place in 2001. For reference, Table 1 provides
river miles for various tributaries in WRIA 45 and WRIA 40, the Upper Columbia region,
and Columbia River hydroelectric dams. River miles provided in the Washington Stream
Catalogue (Williams et al. 1975) were used where available. When not available, river
miles were derived from routed GIS coverages and /or global positioning system (GPS)
coordinates and are therefore also approximate.

Table 1: River Miles for Landmarks

Landmark Columbia|Wenatchee |[Tributary
River River Mile [River Mile
Mile (*RM) (*RM)
(*RM)
Bonneville Dam 146.1
Dalles Dam 191.5
John Day Dam 215.6
McNary Dam 292.0
Priest Rapids Dam 397.0
Wanapum Dam 415.8
Rock Island Dam 453.4
Colockum Creek 450.0
Stemilt Creek 461.9
Squilchuck Creek 464.0
Squilchuck State Park 6.0
Miners Creek 6.3
Dry Gulch 464.6
Wenatchee River/City of Wenatchee 468.4
Sleepy Hollow Bridge 3.5
Town of Monitor 6.0
Town of Cashmere 10.4
Mission Creek 10.4
Brender Creek 0.2
Yaksum Creek 1.9
Sand Creek 75
E. Fk. Mission Creek 10.2
Devil’s Gulch 10.3
Dryden Dam 17.0
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Table1: River Milesfor Landmarks

Landmark Columbia|Wenatchee |Tributary
River River Mile |River Mile
Mile (*RM) (*RM)
(*RM)
Peshastin Creek 17.9
Peshastin Irrigation District diversion dam 2.4
Peshastin Irrigation District water diversion 4.8
Mill Creek 52
Camas Creek 6.2
Pioneer-Gunn diversion 6.6
Jones-Shotwell diversion 7.2
Hansel Creek 8.7
Ingalls Creek 9.4
Natural falls 9.8
Ruby Creek 105
Negro Creek 111
Natural falls 29
Magnet Creek 14.8
Tronsen Creek 14.9
Shaser Creek 155
Scotty Creek 16.6
Derby Creek 19.0
Town of Peshastin 19.5
Chumstick Creek 235
North Road crossing 0.3
Eagle Creek 19
Leavenworth bridge 239
Town of Leavenworth 25.0
Icicle Creek 25.6
Leavenworth National Fish Hatchery (LNFH) 2.6
return flow
LNFH spillway (on canal) 2.8
LNFH Dam 5 (historic channel) 3.0
LNFH headgate dam (Dam 2 on historic 3.8
channel)
LNFH/Cascade Orchards Irrigation District Co. 4.5
diversion dam and intake
Snow Creek 54
Icicle Creek boulder field 56
|cicle/Peshastin Irrigation District diversion darr 5.7
Rat Creek 7.9
Eightmile Creek 9.0
Chatter Creek 16.7
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Table 1: River Miles for Landmarks

Landmark Columbia|Wenatchee |[Tributary
River River Mile [River Mile
Mile (*RM) (*RM)
(*RM)
Trout Creek 16.8
Jack Creek 17.2
Natural falls 24.0
French Creek 21.6
Tumwater Dam 31.0
Top of Tumwater Canyon 35.6
Chiwaukum Creek 36.0
Skinney Creek 0.6
Natural falls 4.3
Town of Plain 46.2
Beaver Creek 46.5
Chiwawa River 48.4
Chiwawa Irrigation District (CID) 3.6
diversion
Deep Creek 4.0
Chelan PUD fish weir 8.0
Big Meadows Creek 9.2
Chikamin Creek 13.7
Rock Creek 21.3
Phelps Creek 30.7
Natural falls 0.64
James Creek 31.2
Alpine Creek 31.7
Buck Creek 33.0
Natural falls 0.4
Chiwawa River natural falls 33.1
Parkside Store 53.0
Nason Creek 53.6
Kahler Creek 5.1
Roaring Creek 8.4
Natural falls 1.1
Gill Creek 9.3
Whitepine Creek 14.6
Natural falls 3.4
Gaynor Falls 16.8
Henry Creek 18.7
Steep, impassable gradient 0.25
Mill Creek 19.9
Natural falls 0.6
Bygone Byways 20.5
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Table 1: River Miles for Landmarks

Landmark Columbia|Wenatchee |[Tributary
River River Mile [River Mile
Mile (*RM) (*RM)
(*RM)
Lake Wenatchee 54.2
White River 58.6
Sears Creek 7.7
Canyon Creek 10.0
Napeequa River 11.0
natural falls 2.2
Panther Creek 13.1
natural falls 0.7
White River Falls 14.3
Little Wenatchee River 58.6
Little Wenatchee Falls 7.8
Rainy Creek 8.4
natural falls 5.5
Rocky Reach Dam 473.7
Entiat River 483.6
Wells Dam 515.6
Methow River 523.9
Okanogan River 533.1
Chief Joseph Dam 545.1
Grand Coulee Dam 596.6

* River miles are all approximate. River miles provided in the Washington Stream
Catalogue (Williams et al. 1975) were used where available. When not available, river
miles were derived from routed GIS coverages and /or global positioning system (GPS)
coordinates and are therefore also approximate.

The Role of Habitat in a Healthy Population of Natural Spawning Salmon

Washington State anadromous salmonid populations have evolved in their specific
habitats during the last 10,000 years (Miller 1965). Water chemistry, flow, and the
physical attributes unique to each stream have helped shape the characteristics of each
salmonid population. These unique physical attributes resulted in a wide variety of
distinct salmonid stocks for each salmonid species throughout the State. Stocks are
population units within a species that do not extensively interbreed because returning
adults rely on a stream's unique chemical and physical characteristics to guide them to
their natal grounds to spawn. This maintains the separation of stocks during
reproduction, thus preserving the distinctiveness of each stock.

Salmonid habitat includes physical, chemical and biological components. Within
freshwater and estuarine environments, these components include water quality, water
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quantity or flows, nutrients, stream and river physical features, riparian zones, upland
terrestrial conditions, and ecosystem interactions as they pertain to habitat. These
components closely intertwine. For example, changes in stream flows can alter water
quality by affecting temperatures, decreasing the amount of available dissolved oxygen,
and concentrating toxic materials. Water quality can be reduced by heavy sediment loads
which result in increased channel instability and decreased spawner success. The riparian
zone interacts with the stream environment, providing nutrients and a food web base,
woody debris for habitat and flow control (channel complexity), filtering runoff prior to
surface water entry (water quality), and providing shade to aid in water temperature
control.

Salmonids require clean, cool, well-oxygenated water flowing at a natural rate for all
stages of freshwater life. Salmonid survival depends upon specific habitat needs for egg
incubation, juvenile rearing, migration of juveniles to saltwater, estuary rearing, ocean
rearing, adult migration to spawning areas, and spawning. Specific needs vary by species
and even by stock.

When adults return to spawn, they not only need adequate flows and water quality, but
also unimpeded passage to natal grounds. They need pools with vegetative cover and
instream structures such as root wads to provide for resting and shelter from predators.
Successful spawning and incubation requires sufficient gravel of the right size for the
stock (or population), in addition to the constant need of adequate flows and water
quality, all in unison at the necessary location. Also, delayed upstream migration can be
critical to spawning success. After entering freshwater, salmon have a limited time to
migrate and spawn, sometimes as little as 2-3 weeks. Delays result in pre-spawn
mortalities, or spawning in sub-optimal locations.

After spawning, the eggs need stable gravel that is not choked with fine sediment. River
channel stability is vital at this life history stage. Floods have their greatest impact to
salmon populations during incubation, and human activities can exacerbate these impacts.
In an undisturbed system, upland vegetation stores water and shades snowpack slowing
the rate of water runoff into the stream. A healthy river system has tributaries or stream
reaches with sinuosity and large pieces of wood contributed by an intact, mature riparian
zone. The uplands and riparian areas both act to slow the speed of water downstream.
Natural river systems also have access to floodplains where wetlands store flood water
and later discharge this storage back to the river during lower flows. Erosion or sediment
produced in a healthy system provides a constant supply of new gravel for spawning and
incubation without increasing overall channel instability. A stable incubation
environment is essential for salmon. It is a complex function of nearly all habitat
components contained within that river ecosystem.

When the young fry emerge from the gravels, summer chinook migrate downstream,
quickly exiting the subbasin, while other species of salmonids like spring chinook,
steelhead and bull trout, search for suitable rearing habitat within side channels and
sloughs, tributaries, spring-fed "seep" areas, and stream margins within the subbasin.
Quiet water margins and off channel areas are vital for early juvenile habitat. The
presence of woody debris and overhead cover aid in food and nutrient inputs as well as
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provide protection from predators. Juveniles use this type of habitat in the spring. Most
sockeye populations migrate from their nests quickly to larger lake environments where
they have unique habitat requirements. These include water quality sufficient to produce
the necessary complex food web to support one to three years of salmon growth in the
lake habitat prior to outmigration to the estuary.

As growth continues, the juvenile salmonids (parr) will move away from the quiet
shallow areas into deeper, faster water. This movement is coincident with the onset of
summer low flows, which constrain salmon production by reducing the total quantity of
available habitat. Streamflow, one of the basic determinants of the amount of space
available for fish, varies seasonally in ways that depend on geography and climate
(Bjornn and Reiser 1991) with low flows sometimes extending into the fall and winter
seasons in some Wenatchee subbasin tributaries and stream reaches. Space suitable for
occupancy by salmonids in streams is a function of streamflow, channel morphology,
gradient, and (in many instances) various forms of instream or riparian cover. Suitable
space for each salmonid life stage has water of sufficient depth and quality flowing at
appropriate velocities. The addition of cover (extra depth, preferred substrates, woody
debris, etc.) increases the complexity of the space and usually the carrying capacity.
(Bjornn and Reiser 1991).

With the exception of summer chinook, salmonid juveniles that rear in the subbasins of
the upper Columbia River (spring chinook, steelhead/rainbow, sockeye and bull trout)
spend at least one winter in their respective subbasins before emigrating out of the
tributaries and into the Columbia River. Adult steelhead which may overwinter in the
upper-Columbia region as well. These overwintering salmonids require habitat that will
sustain growth and protect them from predators and harsh winter conditions. Habitat use
is determined by behavior changes associated with declining temperatures in the fall and
winter. Behavior changes vary by species and life stage (Bjornn and Reiser 1991). For
example, in a study of seasonal habitat use of juvenile chinook salmon and steelhead in
the Wenatchee River (Don Chapman Consultants 1989), juveniles were located along the
stream margin in boulder zones during the winter (from October to March). During the
day they hid in interstitial spaces among boulders; at night both species stationed on
boulders and sand adjacent to their daytime habitat. When water temperatures dropped
below 50 °F (10 °C), juveniles were not observed in the water column during the
daytime, but remained in the substrate. In another example, bull trout embryos and
alevins remain in the gravels for more than 200 days over winter (Fraley and Shepard
1989) making their survival closely dependant on relatively stable thermal regimes and
substrate conditions. In a study of bull trout in the Flathead Valley of Montana, Baxter et
al. (1999) considered that groundwater-influenced areas within alluvial valley areas in
Montana may be important to egg incubation, emergence success, and the survival of
juvenile bull trout, to the extent those areas stabilize instream temperatures. In an
example of how adult salmonid behavior is affected by declining temperatures in the
winter, adult steelhead that overwinter in the upper-Columbia region are thought to
generally seek refuge in the mainstem Columbia River. Some adults will also seek
refuge in deep pools of the mainstem tributaries to the Columbia River (C. Peven, Chelan
PUD, pers. comm., 2000) but may return to the Columbia River if instream water
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temperatures become too harsh (L. Brown, WDFW, pers. comm., 2000).

The following spring, spring chinook juveniles (age-1 to age-2) and steelhead smolts
(average age-2) exit the subbasin and begin seaward migration. Flows, food and cover
that provides protection from predators are critical. Once again the unique natural flow
regime in each river subbasin which shaped the population's characteristics through
adaptation over the last 10,000 years, plays an important role in the salmonids behavior
and survival. However, salmonids from the upper-Columbia region must migrate
through a river system that has been highly altered by hydroelectric development.
Hydropower dams converted the free-flowing Columbia River to a series of five
reservoirs from the site of Priest Rapids Dam (RM 397.0), located downstream of the
town of Vantage near the Yakima/Benton county line, upstream to the Chief Joseph Dam
(RM 545.1) located upstream of the Okanogan River confluence (RM 533.1). The
construction of water storage reservoirs on the mainstem of the Columbia River altered
the migration habitat of salmonids in the Columbia River system. Altered flows and river
temperatures could interfere with salmonid life histories stages cued to the normal flow
and temperature patterns (Lichatowich and Mobrand 1995). Depending on species, this
alteration may have varying affects on survival during migration, correlating to the
timing and duration of migration through the reservoirs and the size of juveniles during
migration. For example, in reservoirs, the principal mechanism that causes smolt
mortality associated with speed through reservoirs is thought to be predation (Chapman et
al. 1995a). Therefore, migrational delays created by reservoirs theoretically increases the
length of time for which smolts remain exposed to predation within reservoirs (Chapman
et al. 1995a). The extent of mortality caused by predation may vary from spring through
summer, increasing throughout the summer as water temperatures and corresponding
predator activity increase (Chapman et al. 1995a). This can be translated to mean spring
chinook and sockeye smolts likely incur lower mortality rates from predaceous fish than
summer migrants (Chapman et al. 1995a) like summer chinook and steelhead. On the
other hand, subyearling summer chinook salmon produced in upper-Columbia tributaries,
which do not migrate into the Columbia River until early June (Chapman et al. 1994a),
tend now to spend several weeks in the reservoirs before they arrive at Priest Rapids Dam
in August and later. This has substantially increased the mean size of subyearlings at
time of passage at Priest Rapids Dam (Chapman et al. 1994a). Delayed movement,
coupled with rapid growth, has unknown effects on survival of summer/fall chinook
subyearlings. The effect may be beneficial, to the degree that mainstem reservoirs
substitute for estuarine rearing. Conversely, delay may be detrimental if it leads to
increased predation rates (Chapman et al. 1994a).

Once reaching the estuary, that food-rich environment provides an ideal area for rapid
growth. Adequate natural habitat such as eelgrass beds, mudflats, and salt marshes must
exist to support the detritus-based food web. Also, the ecosystem processes that
contribute nutrients and woody debris to these environments must be maintained to
provide cover from predators and to sustain the food web. Common disruptions to these
habitats include hydroelectric dams, dikes, bulkheads, dredging and filling activities,
pollution, and alteration of downstream components such as woody debris and sediment
loads.
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The distribution, seasonal abundance and migratory behavior of salmon and steelhead,
exiting the estuary for the nearshore and offshore ocean rearing environment varies
considerably (Groot and Margolis 1991; Chapman et al. 1994b; Chapman et al. 1995a).
For example, the movements of chinook at sea are more complicated than those of
sockeye, and ocean residence for spring chinook is 2-3 years compared to 3-4 years for
summer/fall chinook. Also, first-year chinook remain along the continental shelf north to
the Gulf of Alaska more than other first-year salmon species (Chapman et al. 1995a). In
contrast, distribution of young steelhead differ in time and space from any salmon.
Steelhead do not remain along the coastal belt but move directly seaward during their
first ocean summer (Chapman et al. 1994b).

In addition to the relationships between various salmonid species and their habitats, there
are also interactions between the species that have evolved over the last 10,000 years.
These interactions represent a delicate balance affected by habitat quality and habitat
quantity. This relationship is complicated by the introduction of non-native salmonid
species (brook trout), the introduction of salmonid hatchery stocks, planting of hatchery
fish, the extirpation of native coho stocks, and potentially the reintroduction of hatchery
coho stocks (BPA 1999) in the upper-Columbia region. Species like salmon,
steelhead/rainbow, and bull trout exhibit a variety of life history patterns often as a result
of their adaptability to a complex and fluctuating environment. Maintaining access to
sufficient quantities of high quality habitat can contribute to supporting multiple life
history stages for all species, thereby increasing a population’s resiliency to
environmental changes whether natural or human-induced (Lestelle et al. 1996).
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SUBBASIN DESCRIPTION

Area Description

The Wenatchee River drains a portion of the east slopes of the Cascade Mountains in
north central Washington within Chelan County. The river flows generally in a
southeasterly direction, emptying into the Columbia River at the City of Wenatchee at
Columbia River Mile (RM) 468.4. The Wenatchee River subbasin (WRIA 45)
encompasses approximately 1,371 square miles (877,40 acres), with 230 miles of major
streams and rivers, not including those portions of WRIA 45 that drain directly into the
Columbia River (CCCD 1996). The subbasin originates in high mountainous regions of
the Cascade Mountains, with numerous tributaries draining subalpine regions within the
Alpine Lakes and Glacier Peak wilderness areas. It is bounded on the west by the crest of
the Cascade Mountains, on the north and east by the Entiat Mountains, and to the south
by the Wenatchee Range. The Little Wenatchee and White Rivers flow into Lake
Wenatchee, the source of the Wenatchee River. From the lake outlet at Wenatchee RM
54.2 the river descends rapidly through Tumwater Canyon, dropping into a lower
gradient section in the region of Leavenworth, where Icicle Creek joins the mainstem
(RM 25.6). Other major tributaries include Nason Creek (RM 53.6), the Chiwawa River
(RM 48.4), Chumstick (RM 23.5), Peshastin (RM 17.9), and Mission (RM 10.4) creeks.
The WRIA 45 also includes areas on the west side of the Columbia River extending from
the south part of the City of Wenatchee at Dry Gulch (RM 464.6) northward to Rocky
Reach Dam (RM 473.7). This portion of WRIA 45 is not included in the limiting factors
report since the streams in this area are all seasonal and do not support salmonids. Figure
2 shows the location of WRIAS 45 and 40 in the state.

The Squilchuck, Stemilt, and Colockum watersheds (96,882 acres combined) are located
in the northernmost portion of WRIA 40 where it extends into Chelan County from the
south. The watersheds drain northeastward directly into the Columbia River. They are
bounded on the west by Naneum Ridge and Mission Ridge, on the south by Jumpoff
Ridge, and on the east by the Columbia River, and on the north by the Columbia River,
Beehive Mountain and Dry Gulch. The remainder of WRIA 40 extends southward into
Kittitas County with tributaries draining into the Columbia River. This portion of WRIA
40 is not included in this limiting factors report.

33



I
)

)

J
‘: L&

Figure 2: Location of WRIAs 45 and 40 (N. Part Only) in The State

%‘\ (s
? A

'ommission

Fisheries Commission




Climate and Precipitation

The Cascade Mountains and the prevailing westerly winds are the dominant climatic
factors influencing the subbasin. Moist air from the Pacific Ocean uplifts and cools as it
moves east over the mountains. Most precipitation occurs in late fall and winter. The
Cascade Mountain area is characterized by heavy precipitation, with nearly 150 inches
annually. Most of the precipitation occurs during the winter months as snow. Snow
depths in the mountains range from 10 to 20 feet and snow covers the mountain areas
from late fall through early summer. Temperatures at Wenatchee range from a January
mean of 26.2 °F to a July average of 73.4 °F (CCCD 1998). As air masses move east
toward the Columbia Basin, moisture progressively decreases, resulting in arid conditions
within the lowermost region of the subbasin and in the WRIA 40 watersheds. In contrast
to the mountainous areas, the City of Wenatchee receives 8.5 inches or less of
precipitation annually with maximum summer temperatures averaging 95° F to 100° F.
Violent summer thunderstorms occur periodically, and can result in flash flood conditions
on local watersheds (Montgomery Water Group et al. 1995).

Geology

The waters of the Wenatchee River flow from and through the most diverse occurrence of
rock types of any river in Chelan County. Glacier ice carved the pathway, allowing the
river and its tributaries to cross many geologic boundaries. The immense elevation
difference between the town of Wenatchee (615 feet) and Stuart Peak (9,470 feet), which
straddles the Icicle and Peshastin watersheds, was created by the uplifting of the Cascade
Mountains and the down-cutting of the Columbia River.

The last large scale glaciation occurred more than 10,000 years ago. For thousands of
years snow accumulation continued to exceed snow melt and, as a result, large masses of
ice gradually moved from higher elevations downslope. As they moved, one layer would
combine with another and another until the combined weight and abrasive features were
sufficient to cut down through any rock mass. The glaciers also provided huge amounts
of melt water that flowed downstream towards the Columbia River creating outwash
deposits which are composed of deep deposits of silt, sand, and gravel. The large volume
of water moved tons of rocks and gravel that scoured out the sandstone formations where
they occurred from Dryden to the Columbia River. More recently rivers have scoured the
bedrock and glacial deposits and redeposited them as sand and gravel terraces and plains
(CCCD 1996). A review of well logs indicates sediments thicken to over 170 feet along
the main axis of the Lake Wenatchee valley (Economic and Engineering Services and
Golder Associates 1998). In some places within the subbasin, (near the confluence of
Icicle Creek and the Wenatchee River), the deposits may be up to 300 feet (M. Karrer,
USFS, pers. comm., 2001).
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In contrast, the portion of WRIA 40 included in this report, as well as the area extending up
to the mouth of the Wenatchee River and then west to a point just east of State Highway 97,
was covered by massive basalt flows during the Miocene epoch. (41 — 11 million years ago).
The basalt flows overlaid more easily weathered, sandstone formations, which during the
extremely wet and warmer Pleistocene climate (post glaciation), provided an adequate
amount of water through fracture lines in the overlaying basalt to decompose old sediment
formations underneath (USFS 1998j). This subsequent weathering and failure has resulted in
very large, valley-filling, mass wasting deposits, the genesis of the types of highly porous
soils that can be found in this area of Chelan County.

Water Resources
Hydrology

Most of the streamflow in the Wenatchee subbasin originates from several large
tributaries in the upper portion of the subbasin. Five tributaries — the Chiwawa River, the
White River, the Little Wenatchee River, Nason Creek and Icicle Creek — are the source
of over 94% of the surface water within the subbasin, whereas their drainage area
represents only 58% of the total subbasin (Montgomery Water Group et al. 1995). The
major tributaries and their approximate percentage contribution to the annual flow of the
Wenatchee River at its mouth (based on average flows) are as follows (Table 2):

Table 2: Percent contribution by watershed to annual flow of the Wenatchee River
at the mouth.

Watershed Percent Contribution
WIRPP * Hindes®

White River 25 26
Little Wenatchee River 15 13
Chiwawa River 15 17
Nason Creek 18 12
Icicle Creek 20 19
Chumstick Creek *3 0.2
Peshastin Creek *nla 4
Mission Creek 1 0.5
Other minor sources 3 **8.3

! WDOE. 1982. Wenatchee River Basin Instream Resources Protection Program. WIRPP Series No. 26,
Water Resources Policy Development Section, Olympia, WA. WDOE (1982, pg. 7) estimated %
contributions to annual flow of the Wenatchee River at its mouth, based on average flows of the tributaries.

2Hindes, R. 1994. Wenatchee River Watershed Ranking Project, Watershed Characterization and Ranking
Report. Prepared for the Chelan County Conservation District, Wenatchee, WA. Hindes (1994, pg. 18)
based % contribution to annual flows of the Wenatchee River on flow measurements made at each tributary
from Oct. 1992 to Sept. 1993.

* Chumstick and Peshastin creeks are combined.
** Reflects the difference between the total acre feet of water measured at the tributaries and the total
discharge on the Wenatchee River at Monitor.
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Minimum instream flow were established for the Wenatchee River at the towns of Plain,
Peshastin and Monitor, and near the mouth on Icicle Creek and on Mission Creek
(Chapter 173-545 WAC). These flows are not often met during the winter and late
summer as a result of natural low flows and out-of-stream water use (CCCD 1998). With
few exceptions, these instream flow requirements do not affect water rights that were
established prior to 1983 (CCCD 1998).

Adquifer Characteristics *

Groundwater in the Wenatchee River subbasin is present in two major flow systems; a
bedrock flow system and a surficial flow system present in sediments overlying bedrock.
While many domestic wells within the subbasin do penetrate bedrock, yields are
generally low, less than one gpm. Some bedrock wells reportedly have yields up to 15
gpm. The bedrock wells are not considered viable sources for significant groundwater
development. Many of the domestic wells penetrating bedrock have found reliable
sources of water contained in the sandstone. Often a thin zone of relatively high
permeability weathered bedrock may be present, that also contains enough water for
domestic development. Recharge to bedrock aquifers is derived from direct precipitation
on bedrock outcrops, and from overlying glacial deposits.

The alluvial and glaciofluvial outwash sediments that fill river valleys and depressions in
the bedrock, are a source for much of the domestic and public water supply. The town of
Cashmere is rests on alluvial materials and local ground water wells provide the primary
source of water supply to the town (WDOE 1982). The nature and extent of these fill
materials is highly variable, with reported areas of confined aquifer conditions due to
overlying lacustrine silts and clays. Well yields in the fill materials reportedly range
from less than 5 gpm to over 100 gpm. Recharge to the aquifers is primarily in the form
of precipitation infiltration, surface water infiltration, and recharge from deeper bedrock
aquifers. Groundwater flow is likely in a down valley direction. Some localized
aquifers, such as those found in smaller drainages above the Wenatchee River Valley,
will likely be more affected by increased groundwater usage than the larger aquifers
located in the Wenatchee River Valley. This is because recharge is limited by the small
drainage size and low amounts of precipitation occurring in those drainages.

Groundwater\Surface Water Interaction *

Reports indicate that groundwater and surface water interact throughout the subbasin,
depending on the sub-area’s morphology. Many of the smaller drainages have aquifers in
valley fill that are in direct connection with surface water and the water levels generally
respond together. Generally, wells drilled into the alluvium adjacent to a watercourse
may tap water which is in direct hydraulic continuity with a stream. In this instance, the

1 This section contains language almost exclusively from, Montgomery Water Group et al. 1995.
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surface water supply can be diminished when the well is pumped (WDOE 1982). In all
cases, interaction between surface water and groundwater within the subbasin is largely
dependent on the highly variable geologic conditions. Generally, increased withdrawal
from groundwater will result in a decrease in recharge to surface water at some point.
Ultimately, most all groundwater within the subbasin eventually flows to surface water or
another aquifer.

Vegetation 2

Extreme variations in elevation, precipitation, and geology, as well as influences of
glaciation, have provided great diversity in plant communities within the Wenatchee
subbasin. Forested plant communities occupy the majority of the landscape in the
subbasin with relatively small amounts of non-forest vegetation in both the highest and
lowest elevations. Plant communities range from shrub-steppe at the lowest elevations
through mostly forested areas at lower to upper elevations, and finally to alpine meadow
communities at the highest elevations.

The watersheds within the Wenatchee subbasin differ in their climates based primarily
upon their proximity to the Cascade Mountain Crest. Those close to the crest experience
strong maritime climatic influences as maritime air incursions occur. The watersheds
that experience less effect from west-side climatic conditions, either by distance or by
other mountain ranges, are more continental (arid) in their climatic character. Generally,
the Mainstem Wenatchee, Mission, Chumstick, and Peshastin watersheds, as well as the
Squilchuck, Stemilt and Colockum watersheds of WRIA 40, support vegetation that is
more continental in nature. The White, Nason, Chiwawa, and Little Wenatchee support
more maritime influenced vegetation. The Icicle watershed supports significant amounts
of both maritime and continentally influenced vegetation. In general, the plant species
that require more maritime conditions will drop out to be replaced by species indicative
of more arid climates.

Climate in the Wenatchee subbasin also differ with elevation. The northern-most
watersheds of the Wenatchee subbasin are most influenced by maritime influences at the
higher elevations with precipitation decreasing with decreasing elevation. Since the
upper Wenatchee subbasin watersheds also have the highest portion of their area in high
elevation, these watersheds typically have little low-elevation shrub-steppe habitat.
Conversely, in the more arid areas within the subbasin further removed from the Cascade
Crest, there is a higher percentage of low elevation shrub-steppe vegetation and/or dry
open forest. The watersheds with larger proportions of area over about 7000 feet
generally support more alpine shrub and meadow lands.

The forest zones that predominate in maritime areas include mountain hemlock, silver fir
and western hemlock. These are typically characterized by areas of dense forest and

% This section contains language almost exclusively from, CCCD. 1996.
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relatively high precipitation. Understory plants are numerous and may include cascade
huckleberry, rusty menziesia, devil’s club, rosy twistedstalk, and coolwort foamflower.
Mountain hemlock, whitebark pine and subalpine larch form open forests at the extreme
upper elevation limit of trees. Cascade huckleberry is usually an important understory
species in these areas. Vegetated alpine areas are dominated by various shrubs and herbs.
Often wet alpine areas support a higher percentage of herbaceous vegetation while well-
drained alpine areas support shrubs such as red mountain heath and moss-heathers. Dry
alpine areas grasslands are limited in extent.

In areas with more arid influence, mountain hemlock, silver fir, and western hemlock are
uncommon or absent. Forest areas are dominated at climax by such trees as subalpine fir,
grand fir, douglas fir, or ponderosa pine. Understory species are numerous, and may
include pinegrass, elk sedge, heartleaf arnica, dull oregon grape, bigleaf sandwort, vanilla
leaf, oceanspray, serviceberry, and lupine. The lowest elevation non-forest areas are
commonly dominated by bitterbrush, bluebunch wheatgrass, arrowleaf balsamroot,
yarrow and various other dry site species. Subalpine larch and whitebark pine usually
comprise the open forests at extreme upper elevations, often with subalpine fir intermixed
or present just lower in elevation. Cascade huckleberry is typically absent and often
replaced by grouse huckleberry. Vegetated alpine areas can again be moist herb
dominated communities or drier shrub or grasslands. High elevation dry grasslands
(usually dominated by green fescue) are more common here than in strongly maritime
areas.

Within these major plant community types, riparian areas around streams, lakes,
wetlands, small meadows and forest openings are interspersed. More moisture dependent
species such as willows and sedges can be found in the wet areas while dry forest
openings support either forest understory species or plants from drier plant communities
common to lower elevations. In riparian plant communities, aspen, black cottonwood,
bigleaf maple, alder, and red-osier dogwood are common.

Past and present land uses have altered the landscape. Sheep grazing, especially in the
late 1800’s and early 1900’s, has contributed to altering the natural plant community.
Logging and agriculture (primarily orchards) are ongoing uses that have changed the
subbasin’s vegetative makeup. Residential land use is having a significant impact on the
vegetative character of some watersheds. Fire suppression has caused important changes
in some areas of the subbasin. In middle to lower elevation arid areas, the historic fire
interval was often short (usually 10-50 years). Fire suppression has led to an increase in
tree density in some areas as well as increased abundance of more shade tolerant trees
such as grand fir. In higher elevation and/or more maritime areas, where historic fire
intervals were longer (usually 50-200+ years), the short time since effective fire
suppression began may not have allowed for significant change in stand densities or
composition when compared to historic conditions.

The establishment of exotic plants is having a significant impact on the vegetation of the
subbasin. Weed species such as cheatgrass, knapweed, dalmation toadflax, and purple

39



loostrife have become established in some areas and can exclude native vegetation
particularly in non-forest, riparian or open forest conditions.

A number of the most rare plants in the state are present in the subbasin including showy
stickseed, Wenatchee larkspur, Oregon checkmallow, clustered lady’s slipper, several
grapeferns, Thompson’s chaenactis, bristly sedge, bulb-bearing waterhemlock, pine
broomrape, Ross’ avens, and long-sepaled globe mallow. A number of other sensitieve
plants are also found in the subbasin.

Land Use and Ownership

The primary land uses within the Wenatchee River subbasin are forestry, wilderness,
agriculture, range, residential, and recreation. The federal government is the largest
landowner in the subbasin, with approximately 671,220 acres (76 % of the subbasin;
CCCD 1996) under the management of the USFS. The BLM manages a very small area
of the subbasin, approximately 200 acres. The majority of federal lands lies in the upper
and middle portions of watersheds and in those watersheds located in the northern portion
of the subbasin. The largest portion of USFS land (316,561 acres) is designated
Wilderness (47%). The DNR manages approximately 8,700 acres in the subbasin;
Longview Fibre company managers estimate their timber company manages 47,760 acres
(CCCD 1996). Only 17 % of the subbasin is privately owned (excluding Longview Fibre
lands), totaling 149,560. Privately owned lands occurs mostly in the low lying valley
bottoms and more private land is located in the southern portion of the subbasin next to
the Wenatchee River and along its major tributaries.
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FISH DISTRIBUTION AND CONDITION

Summary of Historic Events

The rivers of the Upper Columbia basin historically were excellent salmonid producing
streams. There were formerly good runs of steelhead trout, spring chinook, and summer
chinook salmon in the Wenatchee subbasin. Sockeye salmon ran into Lake Wenatchee
and a good run of coho salmon spawned in the Wenatchee system (Bryant and Parkhurst
1950). Bull trout were also distributed throughout the subbasin in their various life
history forms. However, by the 1930’s, the anadromous runs were decimated because of
overfishing in the lower Columbia River fisheries, irrigation diversion practices in the
watershed, and habitat degradation related to poor mining practices, grazing, and logging
(Craig and Suomela 1941, Fish and Havana 1948; Bryant and Parkhurst 1950; Mullan et
al. 1992; Peven 1992). Bull trout populations may have also been impacted by habitat
fragmentation as a result of irrigation diversions dewatering lower reaches and diversion
dams creating impassable barriers.

From the 1930’s to present, the development of the Columbia River for hydroelectric
power production, hatchery mitigation programs, fishing harvest pressures, degradation
of tributary habitats, and the loss of Columbia River estuary rearing areas for juvenile
anadromous salmonids have contributed to suppressing naturally producing anadromous
salmonid runs in the Upper Columbia (Peven 1992; Mullan et al. 1992). With the
construction of the Grand Coulee Dam in 1939, anadromous salmonids were barred from
1,140 miles of potential spawning and rearing habitat in the upper Columbia River
drainage (Fish and Havana 1948). Between 1939 and 1943 all adult salmon and steelhead
were intercepted at Rock Island Dam downstream of the town of Wenatchee, for brood
stock as part of the Grand Coulee Fish Maintenance Project (GCFMP). The various
tributary stocks of each species were mixed in the hatchery program with the resultant
young being released throughout the Wenatchee, Entiat, Methow and Okanogan River
drainages.

Meanwhile, Columbia River harvests continued to take a heavy toll on returning adults.
A harvest rate approaching 85% in the 1930’s and 1940’s was estimated in the lower
Columbia River fisheries (Mullan 1987). Aside from harvest impacts, habitat alterations
in the Columbia River estuary were impacting rearing juveniles, and in the Wenatchee
subbasin, logging, water diversions, and grazing impacts were negatively affecting
rearing and spawning success. As more hydroelectric facilities on the upper Columbia
River became operational, alterations and adjustments to the hatchery supplementation
program were made. Still, wild salmon and steelhead returns continued to decline.

By 1971, seven dams were in place on the Columbia River between the mouth of the
Columbia River and the Wenatchee River confluence at RM 468.4. The first dam
upstream from the mouth of the Columbia River is Bonneville Dam (RM 146.1),
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followed by five more hydroelectric dams (Dalles Dam/RM 191.5; John Day Dam/RM
215.6; McNary Dam/RM 292.0; Priest Rapids Dam/RM 397.0; Wanapum Dam/RM
415.8) before reaching Rock Island Dam at RM 453.4, fifteen miles downstream of the
mouth of the Wenatchee River. Upstream of the Wenatchee River confluence, there are
two more dams, Rocky Reach Dam (RM 473.7) and Wells Dam (RM 515.6) before
reaching Chief Joseph Dam at RM 545.1 which does not have a fish passage facility and
therefore is the current upper-most extent of anadromy on the Columbia River.

Meanwhile, in the Wenatchee subbasin, timber harvests were in full swing. Road
densities and riparian harvests associated with past logging operations continue to be an
impact today in regard to fish passage, water runoff patterns, sediment delivery to
streams, large woody debris (LWD) recruitment, and stream function. The full extent of
water diversions and withdrawals on habitat condition and fish production in the subbasin
are still not fully known although management practices, including water use and
delivery systems by irrigation districts have improved and likely resulted in decreased
impacts to salmon production over historic conditions. The conversion of floodplain
habitat to urban and residential use, including flood control, continue to have an impacts
on stream function and salmonid production while the decline of beaver, the loss of the
nutrient input from salmon carcasses and the introduction of Eastern brook trout continue
to negatively impact habitat conditions.

Current Distribution, Status, and Species Life History Description

Appendix A contains five maps showing the current distribution of spring chinook,
summer chinook, steelhead/rainbow trout, sockeye and bull trout. It reflects knowledge
current as of April 2001. All upper extents of distribution should be considered
approximate. The five tables (one for each species) in Appendix B provide more detailed
information on the source of the fish distribution data shown in the distribution maps.

The information for all fish species distribution was derived from: 1) WDFW
StreamNet; 2) USFS Okanogan-Wenatchee National Forest fish distribution database; 3)
Chelan County PUD spawning ground survey reports; and 4) professional knowledge and
observation from TAC participants including Bob Steele, Area Habitat Biologist,
WDFW; Art Viola, Area Fish Biologist, WDFW; Dan Rife, Fish Biologist, USFS; and
Steve Tift, Biologist, Longview Fibre. The Chelan County Watershed Program GIS
Specialist, Sarah Merkel, in cooperation with the Washington State Conservation
Commission, compiled the data and developed the GIS fish distribution layers with
associated data tables.

Appendix C contains a table provided by Chuck Peven, Chelan County PUD,
summarizing historic spring chinook redd counts from 1958 — 1999. The data is based on
annual spawning ground surveys conducted by the Chelan PUD during that period and
helps illustrate the relative importance of watersheds to spring chinook production.
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Bull Trout

The Upper Columbia Distinct Population Segment (DPS) of bull trout was listed as
threatened under the federal Endangered Species Act (ESA) on June 12, 1998. The 1998
Bull Trout and Dolly Varden Appendix to the Washington State Salmonid Stock
Inventory (SaSIl; WDFW 1998a) identifies 11 bull trout/dolly varden stocks in the
Wenatchee subbasin. (NOTE: Although the WDFW SaSI Appendix (1998a) refers to
bull trout in the mid-Columbia River basin as “bull trout/dolly varden”, Proebstel et al.
(1998) provided conclusive evidence that bull trout (Salvelinus confluentus) are clearly
distinct from dolly varden (Salvelinus malma) in the mid-Columbia basin.) They are the
Icicle, Ingalls, Chiwaukum, Chikamin, Rock, Phelps, Nason, Panther, Little Wenatchee,
Chiwawa and White River stocks. The WDFW Salmonid Stock Inventory, Bull Trout &
Dolly Varden Appendix (1998a), referred to a “Napeequa population”, and reported it
was thought to be extinct. However, large bull trout have been observed in the Napeequa
River by USFS personnel during snorkeling surveys, although spawning activity has not
been observed (MacDonald, USFS, pers. comm., 2001). Four of the 11 stocks have been
classified as “Healthy” (Chikamin, Rock, Phelps, Panther) with the remaining 7 listed as
“Unknown” based on the trend of abundance data available at the time the classifications
were made. The SaSI Appendix also makes the following statement; “Nearly all suitable
spawning habitat is currently used by bull trout/Dolly Varden and present spawning
distribution is nearly the same as the distribution prior to European settlement” (WDFW
1998a). This seems to be in conflict with the information presented by the TAC which
indicates a loss of fluvial bull trout life history forms associated with the Peshastin and
Icicle watersheds.

Four general forms of bull trout are recognized, each with a specific behavioral or life
history pattern; anadromous, adfluvial, fluvial, and stream-resident. The Wenatchee
subbasin supports all life history forms except anadromous. Historically, these three
forms were probably dispersed throughout the Wenatchee subbasin with distribution and
population levels dictated by temperature and gradient. The adfluvial form matures in
lakes and ascends tributary streams to spawn, where the young reside for one to three
years. Lake Wenatchee supports an adfluvial population which spawns in both the White
and Little Wenatchee rivers. Fluvial bull trout have a similar life history except they
move from rivers to smaller tributaries to spawn. Presently fluvial populations spawn in
the Wenatchee River, Nason Creek , the Chiwawa River, and Rock Creek, Chikamin
Creek and Phelps Creek (all tributaries to the Chiwawa River). Adfluvials and fluvials
often make extensive migrations, usually do not reach sexual maturity until age five or
six, and can reach a size exceeding 22 pounds (Fraley and Shepard 1989). In the
Wenatchee River, bull trout up to 32-36 inches and 12-15 pounds have been observed
(Brown 1992). Non-migratory, stream-resident bull trout spend their lives in headwater
tributaries, apparently migrating very little, and seldom reach a size of over 14 inches.
Resident populations currently exist in Panther Creek and the Napeequa River (both
tributaries to the White River), in Jack, Eightmile, and French Creeks of the Icicle
watershed, and Ingalls Creek, a tributary to Peshastin Creek.
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Bull trout are strongly influenced by water temperature during all life stages and for all
forms. Most bull trout spawn from mid-September through October, with timing related
to declining water temperatures. In high elevation, cold waters, spawning has been
documented to start as early as August in the upper Yakima system (elevation 3,500 feet;
Brown 1992). Adult redd site selection is determined by substrate size and quality,
hiding cover, streamflow, and ground water sources (Spotts 1987, Baxter et al. 1999).
Spawning sites are commonly found in areas of ground water interchange, both from the
subsurface to the river, and from the river to the subsurface. Association with areas of
ground water interchange can promote oxygen exchange and mitigate severe winter
temperatures including the formation of anchor ice. Incubation time to hatching has been
documented at approximately 113 days, with emergence about 223 days from the date of
deposition, temperature dependant (Brown 1992). Fry have been documented to remain
in the gravel for three weeks after emergence (McPhail and Murray 1979). The long
over-winter phase for incubation and development leaves bull trout vulnerable
particularly to increases in fine sediment, especially during snow-melt events, and
degradation of water quality (Fraley and Shepard 1989).

Good hiding cover is also important to all life stages of all forms of bull trout. Juvenile
bull trout, particularly young-of-the-year (YOY), have very specific habitat requirements.
Bull trout fry less than 4 inches are primarily bottom-dwellers, often found on margins
over fine depositions of detritus ( J. Molesworth, USFS, pers. comm., 2000). They
occupy positions just above, in contact with, or even within the substrate. Fry and
juveniles can be found in pools or runs in close proximity with cover provided by
boulders, cobble, or large woody debris. Age 1+ and older juveniles utilize deeper, faster
water than YQY, often in pools with shelter-providing large organic debris or clean
cobble substrate. In large rivers, the highest abundance of juveniles can be found near
rocks, along the stream margin, or in side channels. Fluvial populations overwinter in
deep pools with boulder-rubble substrate or move further downstream to lower reaches of
mainstem rivers where individuals make use of abundant woody debris and overhanging
banks.

Coho Salmon

Indigenous coho salmon no longer occur in the Upper Columbia River region. As an
extirpated species, the Wenatchee subbasin coho run is not addressed under the federal
ESA or the Washington State Salmon and Steelhead Stock Inventory (SASSI;
WDF/WDW 1993). The ESA and SASSI do not address extinct or extirpated stocks.

Because the historical stocks of coho were decimated in this region near the turn of the
century, most life history information was obtained through affidavits from older
residents. The historical information supports the theory that these fish were probably
early-returning-type adults, ascending the mid-Columbia tributaries in August and
September (Mullan 1983).
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Lower Columbia River early-returning-type hatchery coho salmon spawn from October
to mid-December. Columbia River coho salmon typically spend one year in freshwater
before outmigrating as yearling smolts in the spring (April/May). After outmigrating,
coho salmon spend approximately 18 months at sea before returning to spawn. Sexually
precocious males (jacks) return to spawn after six months at sea (BPA et al. 1999).

In the rest of Washington State, the onset of coho salmon spawning is tied to the first
significant fall freshet. They typically enter freshwater from September to early
December, but have been observed as early as late July and as late as mid-January. They
often hold near the river mouths or in lower river pools until freshets occur. Spawning
usually occurs between November and early February, but is sometimes as early as mid-
October and can extend into March. Spawning typically occurs in tributaries and
sedimentation in these tributaries can be a problem, suffocating eggs. As chinook salmon
fry exit the shallow low-velocity rearing areas, coho fry enter the same areas for the same
purpose. As they grow, juveniles move into faster water and disperse into tributaries and
areas which adults cannot access (Neave 1949). Pool habitat is important not only for
returning adults, but for all stages of juvenile development. Preferred pool habitat
includes deep pools with riparian cover and woody debris.

Coho juveniles remain in the river for a full year after leaving the gravel nests. As with
all salmonids, low flows during the summer after early rearing, can lead to problems such
as a physical reduction of available habitat, increased stranding, decreased dissolved
oxygen, increased temperature, and increased predation. Juvenile coho are highly
territorial and can occupy the same area for a long period of time (Hoar 1958). The
abundance of coho can be limited by the number of suitable territories available (Larkin
1977). Streams with more structure (logs, undercut banks, etc.) support more coho
(Scrivener and Andersen 1982), not only because they provide more territories (useable
habitat), but they also provide more food and cover.

In the autumn as the temperatures decrease, juvenile coho move into deeper pools to hide
under logs, tree roots, and undercut banks (Hartman 1965). The fall freshets redistribute
them (Scarlett and Cederholm 1984), and over-wintering generally occurs in available
side channels, spring-fed ponds, and other off-channel sites to avoid winter floods
(Peterson 1980). As coho juveniles grow into yearlings, they become more predatory on
other salmonids. Coho begin to leave the river a full year after emerging from their
gravel nests with the peak outmigration occuring in early May.

By the early 1900’s coho salmon populations were already decimated by lower Columbia
River harvest rates, impassable dams, unscreened irrigation diversions, logging, mining,
grazing, and water use practices in the tributaries (BPA et al. 1999). As mitigation for
lost production resulting from the development of hydroelectric facilities on the
Columbia River since the 1930’s, forty-six million fry, fingerlings, and smolts from
Leavenworth, Entiat, and Winthrop National Fish Hatcheries were planted in the mid-
Columbia basins between 1942 and 1975 (BPA et al. 1999). Despite this effort, self
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sustaining coho populations were not established for several reasons: construction and
operation of Columbia River hydroelectric facilities; habitat degradation; and poorly
administered coho hatchery programs (BPA et al. 1999). From 1933 to 1943 only 475
coho salmon were counted at Rock Island Dam, which counted fish bound for the
Wenatchee, Entiat, Methow and Okanogan river systems. Mullan (1983) estimated
historical adult coho populations in the Wenatchee subbasin at 6,000 to 7,000.

The Yakama Nation (YN) has prepared a Final Environmental Assessment (BPA et al.
1999) on the feasibility of reintroducing coho salmon to the mid-Columbia region. Their
goal is to restore natural production as identified in the Yakama Nation's "Coho Salmon
Species Plan™ (CSSP) for the Mid-Columbia Basin. The goal of this program is to
initiate restoration of coho salmon populations in mid-Columbia tributaries to levels of
abundance and productivity sufficient to support sustainable annual harvest by tribal and
other fishers. The proposed acclimation sites in the Wenatchee subbasin for
reintroduction of yearling coho under the Tribal Alternative are; Nason Creek (at Swamp
and Butcher creeks), Little Wenatchee and White rivers (White River Side Channels and
Two Rivers), Icicle Creek (Hatchery Side Channel or Pond), Wenatchee River
(Chiwaukum Creek). Only a maximum of three of these six proposed sites will be used.
The Mid-Columbia Conservation Plan (MCMCP 1998) considers the reintroduction of
coho salmon to be outside the scope of their plan and will consider artificial propagation
of coho only once natural populations are re-established.

Sockeye

Sockeye were once widespread and abundant in the Columbia River system, including he
upper Columbia area now blocked by the Grand Coulee Dam. Neither of the two stocks
that remain in the Upper-Columbia River region, the Wenatchee and the Okanogan, are
listed under the ESA. The SASSI lists the Wenatchee Sockeye Stock as “Healthy” based
on escapement (WDF/WDW 1993). This sockeye run supports a popular fishery in Lake
Wenatchee.

Sockeye salmon differ from other species of salmon in their requirement of a lake
environment for part of their life cycle. Sockeye salmon have a wide variety of life
history patterns, which include both and anadromous (sockeye) and a non-anadromous
(kokanee) forms. The distribution of sockeye salmon in the mid-Columbia region is
limited to Lake Wenatchee (Wenatchee subbasin) and Lake Osoyoos (Okanogan
subbasin). Limited numbers of adults and juveniles are periodically detected in the
Methow and Entiat rivers (Carie 1996) and in isolated areas of the mid-Columbia River
(Chapman et al. 1995b). Adult sockeye begin entering the Columbia River in May and
pass the Mid-Columbia River dams between late May and mid-August (BPA 1994).
Spawners reach Lake Wenatchee and Lake Osoyoos during July - September (Mullan
1986). Both sockeye populations from the mid-Columbia basin are fall spawners that
begin spawning in September, with activity peaking in the Wenatchee system about the
third week of September, and approximately a month later in the Okanogan River
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(Howell et al. 1985). Statewide, spawning ranges from September through February,
depending on the stock.

In the mid-Columbia region, after sockeye fry emerge from the gravel in the following
early to late spring, they move to the nursery lake for rearing. Most sockeye in Lakes
Osoyoos and Lake Wenatchee will reside in their lakes until the following spring,
although some will remain for an additional year. Lake rearing in populations statewide
ranges from 1-3 years. In the spring after lake rearing is completed, smolts migrate
seaward where more growth occurs prior to adult return for spawning 1 to 3 (mostly 2
years) later (Schwartzbert and Fryer 1988). Sockeye salmon smolts typically pass the
Mid-Columbia River dams between mid-April and late-May during their outmigration
(Chapman et al. 1995b).

Sockeye are native to the Wenatchee subbasin but were drastically depleted by irrigation
diversions and overfishing in the early 1900’s (Peven 1992; WDF/WDW 1993). In the
Wenatchee River system specifically, upstream passage conditions were historically a
problem (Peven 1992). Prior to 1987, inefficient ladders at Dryden and Tumwater dams
presented passage problems to adult fish. In 1986, fishways were rebuilt at both locations
and passage problems have been eliminated to a large degree (Peven 1992). High flows
in Tumwater Canyon may still cause a natural delay in upstream migration (Peven 1992).

The current population is a mixture of native sockeye and descendants of transfers during
the Grand Coulee Dam Fish Maintenance Project (GCFMP) which began in 1939. Prior
to 1939, Peven (1992) reported that the majority of the Columbia River sockeye run was
thought to be produced in the upper Columbia River (above the Grand Coulee Dam site),
with only small numbers of fish present in the Wenatchee and the Okanogan river
systems. The GCFMP trapped all adult sockeye destined for the upper Columbia River,
reared them at Leavenworth National Fish Hatchery, then released them into Icicle Creek
or Lake Wenatchee. This was the beginning of the Leavenworth National Fish Hatchery
(NMFS 2000b). Additionally, 2.4 million Quinault River sockeye were released into
Lake Wenatchee as part of the project (WDF/WDW 1993). Sockeye production at the
Leavenworth Hatchery was discontinued in 1969. Thereafter, no hatchery production of
Wenatchee sockeye occurred until 1990 when juvenile sockeye from Wenatchee origin
adults were released from net-pens in Lake Wenatchee.

Sockeye salmon counts at Rock Island have shown substantial variation since 1933
(ranging between 950 and 164,500). The counts were generally low between 1933 and
1945 (950 to 40,700), increased to between 4,700 and 164,500 through 1969, and
between 14,750 and 109,000 through 1993. Since 1993 the counts have ranged between
8,500 and 41,500 (Chapman et al. 1995b; NMFS 2000a).

47



Summer Chinook

The summer chinook run in the Upper Columbia is not listed under the ESA. The
Washington State Salmon and Steelhead Stock Inventory (SASSI) has identified one
summer chinook stock in the Wenatchee subbasin, the Wenatchee River summer
chinook, and classified it as “Healthy” based on escapement. This run is one of the
largest naturally produced chinook populations in the Columbia Basin. Only the fall
chinook runs in the Hanford Reach and the Lewis River are larger ( WDF/WDW 1993).

Chinook salmon have three major run types in Washington State — spring, summer and
fall. Summer and fall runs of chinook are referred to as an “ocean-type” (Healey 1983)
meaning they spend less than one year in freshwater before migrating to the ocean as
subyearlings. Most of their life is therefore spent in the ocean. Relative to other
populations, ocean-type salmonids spend the shortest amount of their life in the
tributaries. An important factor that separates the summer chinook from anadromous
salmonids is that juvenile fish have exited the subbasin prior to the lowest flows in fall
and are not subject to harsh conditions in winter. However, there is evidence that some
subyearling summer chinook exhibit a slow rearing migration and forage behavior as they
pass the reservoir system, thereby delaying their arrival at the estuaries until they are
yearlings and of a larger size (MCMCP 1998). This phenomenon suggests that mainstem
reservoirs influence the success of ocean-type salmonids.

Most ocean-type chinook enter the Columbia River from late May to early July and pass
the Mid-Columbia dams from late June through October (Peven 1992). Summer chinook
salmon enter the Wenatchee River beginning in late June (WDF/WDW 1993). Spawning
begins in late September and continues through early November (MCMCP 1998).
Spawning reaches a peak in early to mid-October (WDF/WDW 1993). Eggs incubate in
the gravel through winter with fry emerging from the substrate probably from January
through April (MCMCP 1998) and rapidly emigrate from the mainstem Wenatchee River
(Hillman and Chapman 1989a).

Historically, summer chinook were abundant in the middle to upper Columbia River and
may have been the most plentiful of the chinook runs (Chapman 1986, Mullan et al.
1992). Historic runs size of summer chinook entering the Columbia River is difficult to
determine. Chapman (1986) estimated that of the 3.8 to 4.3 million chinook entering the
Columbia River, approximately 53% to 58% (2.0 to 2.5 million) of the run were summer
chinook. These estimates were based on peak years of the harvest fishery in the 1880’s.
Historic catch records show most of the fishing effort was concentrated in June and July
(the summer chinook run time) until this large segment of the run was decimated from
overfishing in the late 1880’s. The peak summer chinook catch in the early 1880’s
averaged approximately 1.7 million fish (Chapman 1986). Fishing effort later targeted
the other segments of the chinook run (spring and fall), and other species.
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Summer chinook salmon counts at Rock Island dam averaged about 5,700 (adults and
jacks) between 1933 and 1942; they remained less than 9,000 until 1951 and ranged
between about 12,700 and 38,600 through 1998 (Chapman et al. 1994a; NMFS 2000a).
In recent years (1994 to 1998) the counts at rock Island dam have averaged about 18,400
summer chinook (NMFS 2000a).

Spring Chinook

The Upper Columbia Evolutionarily Significant Unit (ESU) of spring chinook was listed
as endangered under the federal ESA on March 16, 1999. The Washington State Salmon
and Steelhead Stock Inventory (SASSI) has identified four spring chinook stocks in the
Wenatchee subbasin; the Chiwawa River, Nason River, Little Wenatchee River, and
White River stocks (WDF/WDW 1993). All were classified as “Depressed” based on
chronically low production.

Spring chinook are considered a “stream-type” salmonid (spending one or more years in
freshwater). Migration into the Columbia River begins in late March to early April
(WDF/WDW 1993) after spending 2 to 3 years in the ocean (Chapman et al. 1995a).
Spring chinook enter the Wenatchee River from May to August (WDF/WDW 1993).
Spawning begins in early August, peaks in mid-to-late August, and is completed by mid-
September (WDF/WDW 1993). The eggs remain in the substrate and incubate through
winter. The young (fry) emerge that following spring in April and May (WDFW et al.
1990) although juvenile salmon have been observed in the upper Methow River and the
Chewuch drainage as early as the first part of March (Chapman et al. 1995a). The young
will remain in freshwater environments for one year, not migrating out as smolts until the
following spring (Healey 1991), passing the Mid-Columbia dams between mid-April and
mid-June (NMFS 2000a). This extended freshwater period for both adults and juveniles
makes spring chinook salmon more susceptible than the summer/fall (ocean-type)
chinook salmon to impacts from habitat alterations in the tributaries.

The historic run size of spring chinook entering the Columbia River is difficult to
determine. Most estimates are based on early commercial harvest. Chapman (1986)
estimated that of the 3.8 to 4.3 million chinook salmon entering the Columbia River, 11-
15 % of the run was spring chinook (420,000 to 650,000 fish). The peak commercial
catch of spring chinook occurred between 1890 and 1895, after the earlier chinook
fisheries had overexploited the larger, summer component of the run.

In 1935 counting of spring chinook began at Rock Island Dam (spring chinook were not
counted in 1933 and 1934). Total runs of salmon were very low at this time (Peven
1992) with numbers in the period 1935 to 1938 as counted at Rock Island Dam less than
3,000 fish. This coincided with commercial catch rates in the lower Columbia River of
up to 86% of the runs (Mullan et al. 1992). Following reduction of harvest and the
initiation of the Grand Coulee Fish Management Plan (GCFMP) in 1939- 1943, counts of
returning spring chinook increased at Rock Island Dam. The GCFMP did not allow for
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any natural spawning of anadromous salmonids during that time, since all fish were
collected for brood stock..

Numbers of spring chinook rose somewhat erratically to a peak of about 26,000 in the
mid-1980’s. The counts dropped off dramatically after 1993 and have averaged about
2,900 between 1994 and 1998 (Chapman et al. 1995; NMFS 2000a).

Summer Steelhead

The Upper Columbia ESU of summer steelhead was listed as endangered under the
federal ESA on August 18, 1997. The Washington State Salmon and Steelhead Stock
Inventory (SASSI) identified one summer steelhead stock in the Wenatchee subbasin, the
Wenatchee summer steelhead stock (WDF/WDW 1993). The stock is classified as
“Depressed” based on chronically low production.

Steelhead have the most complex life history patterns of any Pacific salmonid species
(Shapovalov and Taft 1954). Washington State has two major run types, winter and
summer steelhead, determined by their freshwater entry time, although both runs are
spring spawners. Winter steelhead adults begin river entry in a mature reproductive state
in December and generally spawn from February through May. Dominating inland areas
such as the Columbia Basin, summer steelhead adults enter the river from May through
October after spending 1 to 2 years in the ocean (NMFS 2000a). These fish pass Rock
Island Dam between July through May of the following year (counting at Rock Island
ceases in November and resumes in April the following year), with the majority of fish
passing between August and September. The fall migrants passing Rock Island Dam are
thought to overwinter in the Columbia River and spawn the next spring. Summer
steelhead are spring spawners with spawning beginning in March and continuing through
June, although spawning has been known to occur as late as July in cold headwater
tributaries (Fish and Hanavan 1948). Peak spawning is probably in late May
(WDF/WDW 1993).

Time to hatching (incubation) varies with water temperature; the colder the temperature,
the slower the developmental rate of the embryo and the longer time to hatching
(Chapman et al.1994b). Barnhart (1986) reported that the number of days required for
steelhead eggs to hatch in the Pacific Southwest varied form 19 days at about 59° F
(32.7°C) to 80 days at 41°F (22.7°C). Wydoski and Whitney (1979) reported that eggs
hatch in about 50 days (in 50°F/10°C water). No one has assessed empirically the length
of time required for naturally-produced steelhead to hatch in the mid-Columbia basin
(Chapman et al. 1994b). Time from hatching to fry emergence from the gravels also
varies depending on temperature and to a lesser extent other factors. Emergence of fry
occurs late spring to August (NMFS 2000a). Mullan et al. (1992) indicates that median
emergence time of steelhead fry in the coldest tributaries of the Upper Columbia River
region occurs around September 15.
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The length of time juvenile steelhead will spend rearing in freshwater before beginning
seaward migration is mostly a function of water temperature (Mullan et al. 1992). Most
fish that do not emigrate downstream early in life from the coldest environments are
thermally-fated to a resident (rainbow trout) life history regardless of whether they were
the offspring of anadromous or resident parents (Mullan et al. 1992). Smoltification may
occur in one to three years in warmer mainstems or may take seven years in cold
headwaters (Peven 1990; Mullan et al. 1992). The greatest proportion of steelhead spend
two years in fresh water (Mullan et al. 1992; Busby et al. 1996). This extended period of
freshwater residency places a heavy reliance by steelhead on freshwater habitat
conditions. Smolts typically leave the Wenatchee River in March to early June (Peven et
al. 1994). The timing of smolt migration is regularly indexed at Rock Island dam as part
of a smolt monitoring program (Chapman et al. 1994b). This has been reported since
1990. Most majority of the composite (wild + hatchery) steelhead smolts pass Rock
Island in May (Chapman 1994b). Upper Columbia River adults then spend one to three
years in the ocean before returning to their natal streams (Mullen et al. 1992), with most
spending one or two years in the ocean (WDFW et al. 1990).

Chapman (1986) estimated the historic run size of Columbia River steelhead entering the
Columbia River ranged between 449,000 to 554,000. By the 1930’s the portion of the
run destined for the mid-Columbia River runs was virtually gone (Craig and Suomela
1941). Since 1933, with the advent of hatchery programs following the construction of
Columbia River dams, adult steelhead returns at Rock Island Dam and later at Wells
Dam, demonstrated a long-term upward trend (Chapman et al. 1994b). Between 1933
and 1959, adult steelhead counts at Rock Island dam averaged 2,600 to 3,700 fish (NMFS
2000a). Inthe 1960’s and 1970’s, the counts averaged 6,700 and 5,400, respectively. The
counts generally increased in the 1980’s to between about 7,000 and 32,000, with the
average number of steelhead ascending Rock Island dam between 1980 and 1990
(inclusive) was 15,700 (Peven 1992), with peaks during the mid-1980’s between 22,000
and 32,000 fish. However, between 1990 and 1998, the counts have declined to about
4,600 to 12,400 (average about 7,200; Chapman et al. 1994b; NMFS 2000a).

Meanwhile, the natural spawning component of the run has declined over time. Peven
(1992) reported that in 1987, hatchery steelhead made up 73% of the steelhead run
entering the Columbia River. The major concern for this ESU is the clear failure of the
natural component to replace themselves (MCMCP 1998).

Mullan et al. (1992) constructed spawner/recruitment curves that indicate that factors
outside tributary subbasins (primarily mainstem passage mortalities) have significant
impacts to wild steelhead. Hatchery practices in the past have also contributed to the
stock declines, including the practice of planting catchable rainbow trout, which have
caused an increase in the incidental catch of steelhead (Chapman et al. 1994a).
Introductions of large numbers of rainbow trout into the upper Columbia River watershed
streams, designed to supplement a popular stream trout fishery, were common in the
1920’s and 1930’s and continued up until several years ago. Stocking of
rainbow/steelhead trout smolts in the Wenatchee subbasin to mitigate dam passage
related mortalities to this species, still continues. Planted steelhead juveniles compete
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with wild fish for limited resources, especially while in natal tributaries. Steelhead
plantings have also been documented to induce a “pied piper” effect on wild juveniles,
leading them to move downstream, possibly prematurely. For returning adults,
hybridization of native stocks with hatchery stocks represents a potential loss of
biodiversity at the genetic level. To minimize these impacts, steelhead fish plantings
used today are designed to supplement the outgoing smolt population and timed to
coincide with the outmigration so as to minimize the competition for resources in the
tributaries.
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SALMONID HABITAT CONDITIONS BY WATERSHED

Introduction

This report discusses salmonid habitat conditions in terms of habitat factors that are
limiting salmon, steelhead and bull trout production within the seven watersheds of the
Wenatchee subbasin (WRIA 45) and the Squilchuck, Stemilt, and Colockum watersheds
in WRIA 40, all contained within the boundaries of Chelan County (Figure 1). The
watersheds of WRIA 45 are; Mainstem Wenatchee River, Mission Creek, Peshastin
Creek, Icicle Creek, Chiwawa River, Nason Creek, and the White/Little Wenatchee
River. The watershed boundaries are consistent with the USFS Hydrologic Unit Code
(HUC) 5" field boundaries as they existed in the spring of 2001.

Habitat limiting factors are defined in the Salmon Recovery Act (RCW 77.85) as
“conditions that limit the ability of the habitat to fully sustain populations of salmon.”
Relying on the combined technical expertise of the TAC, fifteen habitat attributes were
selected by the TAC as those habitat factors most likely to be limiting salmonid
productivity in the Wenatchee subbasin watersheds and the WRIA 40 watersheds covered
in this report. Habitat attributes are those environmental conditions that traditionally
appear in the literature to describe the relationship between biological performance and
the environment (Mobrand Biometrics 1999). The 16 habitat attributes evaluated are; 1)
artificial obstructions, 2) screens and diversion, 3) riparian condition, 4) streambank
condition, 5) floodplain connectivity, 6) width/depth ratio, 7) entrenchment ratio, 8)
channel substrate, 9) large woody debris, 10) pool frequency, 11) pool depth, 12) off-
channel habitat, 13) water temperature, 14) fine sediment, 15) dewatering, and 16)
change in flow regime. The habitat attributes have been lumped into six categories
according to the attributes’ relationship to its physical environment. The categories are:
1) Access to Spawning and Rearing Habitat; 2) Riparian Condition; 3) Channel
Conditions/Dynamics; 4) Habitat Elements; 5) Water Quality; and 6) Water Quantity.
Both the categories of habitat limiting factors and the habitat attributes were selected
based on input from the TAC (Table 13).

A discussion of each habitat attribute is provided below in the section, “Categories of
Habitat Limiting Factors”. The discussion provides some background on each of the
categories of habitat limiting factors and the specific attributes. Reading through
“Categories of Habitat Limiting Factors” will provide the reader with a sense of the inter-
connectedness of the habitat categories and how they relate to productivity of a species
and particular life stages.

Within the section of this chapter titled, “Habitat Limiting Factors by Watershed”, the
seven watersheds of WRIA 45 and three watersheds of WRIA 40, are presented in detail
under the headings: Watershed Description; Watershed Discussion of
Hydrogeomorphology and Habitat Conditions; Watershed Current Known Habitat
Conditions; Watershed Fish Use and Distribution; Watershed Summary; Watershed Data

53



Gaps; and Watershed Project Recommendations. To facilitate the presentation of
information for two of the WRIA 45 watersheds, the Mainstem Wenatchee River and the
White/Little Wenatchee River, these watersheds are further broken up into drainages
within their respective watershed sections, and then discussed in detail.

Finally a section titled, “Subbasin Summary” is provided at the end of this chapter. This
section discusses the relative significance of all the watersheds within WRIA 45 and the
three watersheds of WRIA 40 to maintaining salmonid performance in the Wenatchee
subbasin.

The information presented in the report shows where field biologists have been and what
they have seen or studied. It represent the known and documented locations of impacts.
The absence of information for a stream does not necessarily imply that the stream is in
good health but my instead indicate a lack of available information. All references to
River Miles (RM) are approximate.

Description of Categories of Habitat Limiting Factors

ACCESS TO SPAWNING AND REARING HABITAT.

In general, spring spawning species (rainbow/steelhead) take advantage of high spring
flows, accessing smaller tributaries, headwater streams and spring snowmelt-fed streams
not accessible later in the year. Reproduction of late summer and fall-spawning species
(spring chinook, summer chinook, and fluvial bull trout) occurs most frequently in
alluvial reaches of larger streams and rivers where groundwater recharge strongly buffers
local interstitial and surface water conditions from decreasing flows and increasing or
decreasing water temperatures. Incubation of salmonid eggs and fry occurs within the
interstitial spaces of gravels in the beds of cool, clean streams and rivers. Once
emergence from the gravel is complete, young salmon are mobile, which increases their
flexibility to cope with environmental variation by seeking suitable habitat conditions.
Mobility is limited however, particularly for fry, so that suitable habitat and food
resources must be available in proximity to spawning areas for successful first-year
survival. ldeal rearing habitat affords low-velocity cover, a steady supply of small food
particles, and refuge from larger predatory fishes, birds and mammals (Williams et al.
1996).

Salmon are limited to spawning and rearing locations by natural features of the
landscape. These features include channel gradient and the presence of certain physical
features of the landscape (e.g. logjams). Flow can affect the ability of some landscape
features to function as barriers. For example, some falls may be impassable at low flows,
but then become passable at higher flows. In some cases flows themselves can present a
barrier such as when extreme low flows occur in some channels; at higher flows fish are
not blocked.
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Throughout Washington, barriers have been constructed that have restricted or prevented
juvenile and adult fish from gaining access to formerly accessible spawning and rearing
habitat. These barriers include dams and diversions with no passage facilities, culverts
poorly installed or designed, and dikes that isolate floodplain off-channel habitat. Known
steelhead occurrence upstream of barrier culverts can usually be attributed to the potential
for certain individual adult steelhead which are strong swimmers to exceed the average
ability and pass through an “impassable” culvert given the “right” conditions, in some
years. Additional factors considered are low stream flow or temperature conditions that
function as barriers during certain times of the year. This category includes dams, dikes,
culverts, and other artificial structures or conditions that restrict access to spawning
habitat for adult salmonids or rearing habitat for juveniles. Included are barriers created
by irrigation diversion dams and inadequate screens that allow access to unsuitable areas
that result in mortality to salmonids. In the case of diversion dams, fish passage may be
blocked or maintenance of the dam may require repeated manipulation of the stream bed
(i.e. “push-up” diversion dams).

In 2000, Chelan County contracted Harza/Bioanalysts to assess the extent to which
culverts were acting as barriers to adult and juvenile fish migration in areas of Chelan
County not under federal or state ownership. A report was prepared describing the
methods used to collect the information. Harza/Bioanalysts developed a database and GIS
map coverage of the results as part of the assessment. The information has been
incorporated into this report. Due to funding and time constraints, to determine
passability through culverts, Harza/Bioanalysts relied almost exclusively on the portion
of the Level A analysis described in WDFW’s Fish Passage Barrier Assessment and
Prioritization Manual (1998b), which assesses a culverts passability based on a “greater
than” or “less than” 0.8 foot drop at the outlet of the culvert. If there was greater than a
0.8 foot drop at the outlet, the culvert (or other structure) was determined to be a barrier.
The 0.8 foot threshold was established in WAC 220-110-070 Section 3(b)(ii) Table 1,
based on the known swimming ability under certain conditions of an adult trout (>6
inches/150 mm). Inherent limitations in this methodology for determining fish passage
are: 1) under the “right” conditions in some years, some individual adult steelhead trout
which are strong swimmers may exceed the average ability and pass through an
“impassable” culvert; 2) passage of juvenile salmonids and adult chinook are not
considered using this methodology; 3) the 1998 version of the manual does not contain
criteria for determining passability at diversion dams and concrete flumes; and 4) where
additional analysis may be required to determine whether a culvert is a barrier according
to the Level A analysis (i.e. a Level B analysis), funding for further analysis was not
available.

The Chelan County Watershed Department took the culvert inventory data collected by
Harza/Bioanalysts (2000) and added culvert and fish passage barrier data maintained by
the USFS, DNR, SSHEAR, including miscellaneous data provided by NRCS on
Chumstick Creek culverts. Due to limitations on time and funding, at the time of
publication of this report in mid-November 2001, the County culvert database did not
accurately reflect the most currently available status of all known fish passage barrier
culverts in Chelan County. The information contained in the following *“Habitat Limiting
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Factors by Watershed” section of this report, therefore uses only the “known” fish
passage barrier culverts from the County’s culvert database, available at the time of
publication of this report. However, additionally this report contains fish passage barriers,
other than the culverts identified in the County culvert database, that are known to exist
in Chelan County. The additional information is provided by resource professionals
working in the region.

Artificial Obstructions.

Improperly placed or maintained culverts have the potential to:

prevent access for salmonid fry and parr to off-channel overwinter refuges of ponds,
wetlands and small creeks that are often dry during the summer;

hinder or prevent passage of adult and juvenile fish due to high water velocity,
insufficient water depth, elevated outlet, or debris accumulation;

create flows of a greater velocity and/or a shallower depth than that in the natural
stream, often resulting in conditions that restrict or prevent the upstream movement of
fish;

cause the erosion and downcutting of the stream due to the relatively high velocity of
water exiting the downstream end of a culvert which can also result in the formation
of a vertical drop that may prevent fish from accessing the lower end of the culvert.

Improperly placed or maintained dikes, dams and other artificial structures can:

block access to salmonid rearing habitat;

block access to a portion of the floodplain;
prevents further development of the side channel,
prevents the recruitment of large woody debris;
limits spawning gravel recruitment;

confines the channel, concentrating flows within the mainstem, increasing the erosive
nature of the flows. Bed scour within the reach can negatively impact salmonid
redds.
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Low flows, dewatering, and high/low instream temperature can:
* prevent upstream or downstream movement of adults and juveniles;
» contributes to stranding of juvenile salmonids.

Screens and Diversions.

Irrigation diversions, diversion dams, and screens can:

» allow fish to voluntarily or involuntarily move from the parent water body into the
surface diversion leading to direct mortality from stranding when water diversions
cease (diversion entrainment);

» create fish passage barriers during periods of low flow;

» allow fish to voluntarily or involuntarily move through, under or around the fish
screen resulting in loss of fish from the population. This is a function of screen mesh
opening size and gaps between the screen frame and canal structure walls (screen
entrainment);

* may cause fish to involuntarily come in contact with and be entrapped by the screen
surface due to approach velocities exceeding swimming capabilities resulting in direct
mortality (impingement);

* maintenance of diversions can require repeated entry into stream channels disturbing
spawning gravels and temporarily increasing sediment levels.

RIPARIAN CONDITION.

The riparian ecosystem is a bridge between upland habitats and the aquatic environment
and includes the land adjacent to streams that interacts with the aquatic environment.
Riparian forest characteristics in ecologically healthy watersheds are strongly influenced
by climate, channel geomorphology, and location of the channel in the drainage network.
For example, fires, severe windstorms, and debris flows can dramatically alter riparian
characteristics. The width of the riparian zone and the extent of the riparian zone’s
influence on the stream are strongly related to stream size and drainage basin
morphology. In a basin unimpacted by humans, the riparian zone would exist as a
mosaic of tree stands of different acreage, ages (e.g. sizes), and species.

Riparian habitats include side channels which offer refuge from adverse winter
conditions such as rain-on-snow events/flooding and icing, and often influence the water
quality of adjacent aquatic systems. Riparian vegetation provides shade which shields
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the water from direct solar radiation thereby moderating extreme temperature fluctuations
during summer and keeping streams from freezing during winter. Riparian vegetation
helps stabilize banks by maintaining masses of living roots which reduce surface erosion,
mass wasting of stream banks and consequently reducing sediment delivered to the
stream channel (Platts 1991). Riparian vegetation also contributes to the recruitment of
large woody debris (LWD). Large woody debris contributes to channel complexity,
including pool development, and sediment storage. Riparian ecosystems act as
reservoirs, storing run-off in soil spaces and wetland areas and diminishing erosive forces
caused by high flow events. The presence of stream-side vegetation also reduces
pollutants, such as phosphorous and nitrates through filtration and binding them to the
soil. Riparian vegetation contributes nutrients to the stream channel from leaf litter and
terrestrial insects which fall into the water.

Riparian zones are impacted by all types of land use practices. Riparian forests can be
completely removed, broken longitudinally by roads, and their widths can be reduced by
land use practices. Further, species composition can be dramatically altered when native,
old-growth, coniferous trees are harvested, allowing for the establishment of a younger
seral stage of hardwood, deciduous tree species and young, smaller diameter conifers.
Deciduous trees are typically of smaller diameter and shorter lived than coniferous
species. They decompose faster than conifers so they do not persist as long in streams
and are vulnerable to washing out from lower magnitude floods. Once impacted, the
recovery of a riparian zone can take many decades as the forest cover reestablishes and
matures and coniferous species colonize. In the more arid, narrower riparian zones
common in the steep canyons of the lower Wenatchee subbasin watersheds,
reestablishing conditions that support the regrowth of native riparian vegetation can be an
even more difficult once the soil is disturbed.

Salmonids habitat requirements are met in part by healthy, functioning riparian habitat.
For example: adequate stream flows must be present in order for fish to access and use
pools and hiding cover provided by root wads and LWD positioned at the periphery of
the stream channel. Microclimate, soil hydration, and groundwater influence stream
flow; these factors are in turn influenced by riparian and upland vegetation. Vegetation
and the humus layer intercept rainfall and surface flows. This moisture is later released
in the form of humidity and gradual, metered outflow through groundwater where the
geology supports the groundwater/surface water interaction. Through this process,
stream flows may be maintained through periods of drought (Knutson and Naef 1997).

This category addresses factors that limit the ability of native riparian vegetation to
provide shade, nutrients, bank stability, and a source for LWD. Human impacts to
riparian function include timber harvest, clearing for agriculture or development,
construction of roads, dikes, or other structures, and direct access of livestock to stream
channels.

Some types of timber harvest (i.e. poorly managed riparian harvests and riparian
clearcuts) or clearing for agriculture or development in riparian areas can:
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» decrease bank stability;

* decrease LWD recruitment;

* resultin a loss of shading;

» resultin a loss of cold water refugia;
* increase sediment recruitment;

» decrease sources for nutrient input.

Improperly constructed roads, dikes or other structures can:

interfere with delivery of LWD to stream channels;
» constrain lateral channel migration;

» increase sediment delivery to stream channels;

* increase surface water runoff to stream channels;

» contribute to increases in bank instability;

contribute to channel downcutting.

Poorly managed livestock grazing can:

decrease bank stability;

increase sediment recruitment;

alter the composition of riparian vegetation;

compact soil.

CHANNEL CONDITIONS/DYNAMICS.

A stream channel represents the integration of physical processes occurring at the
watershed level: hydrologic (i.e. precipitation, snow melt); erosional (i.e. debris flows,
mass wasting); and tectonic processes (i.e. folded strata may dictate valley location, or
rivers may exploit bedrock weakness along fault systems). The physical processes
determine sediment, water, and LWD input to the channel. At the same time channel
form or morphology is naturally constrained both laterally and vertically by valley form,
riparian conditions and geology. The ability of the channel to transport and manage
sediment, water and LWD is a function of the channel’s morphology and roughness and
the input of sediment and LWD (i.e . source, transport or response reaches; Montgomery
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and Buffington 1993). Channel form will change when any of these inputs are altered or
when the channel is artificially confined or constrained.

Riprapping constructed to reduce a river’s ability to migrate laterally and to reduce
overbank flows within the channel migration zone, can retard habitat-forming processes
and disrupt the bedload and LWD transport regimes of the river system. Additionally,
improperly placed riprap can contribute to localized bed scour or channel incision,
reducing the stream’s ability to access its floodplain (USFS 1999c¢). Riprapping can also
lead to accelerated bank erosion by diverting flow energies to more vulnerable stream
banks in the reach; where riprapping contributes to stream incision, the toes of banks in
the incised or bedscoured reaches are weakened and can fail.

Human land use activities within a watershed (i.e. road development, vegetation removal,
water diversion) can alter the outcome of physical processes on channel formation and
alter the ability of the channel to develop both laterally and vertically. For example, the
quality and quantity of salmonid rearing and spawning habitat in a stream channel is
controlled by the interaction of sediment and LWD with water and the transport of all
three components through the channel network. Altering LWD levels or increasing
sediment input can result in a decrease in the number and quality of pools, a decrease in
the ability of the channel to retain sediment and organic matter, and an increasing width
to depth ratio in low gradient reaches. Confining or constricting the stream channel can
affect the rate and manner of sediment, LWD, and water transport through the system. It
is important to note that habitat conditions in fish-bearing streams are intimately
influenced by contributions of sediment and LWD from non-fish-bearing streams within
a watershed. In the Pacific Northwest, LWD has been found to have a significant
influence on the formation of pools and channel form (Nelson 1998).

Roads can affect streams directly by accelerating erosion and sediment loading, by
altering channel morphology, and by changing the runoff characteristics of watersheds.
These changes can later affect physical processes in streams, leading to changes in
streamflow regimes, sediment transport and storage, channel bank and bed
configurations, substrate composition and stability of slopes adjacent to streams (Furniss
etal. 1991). Sediment entering stream is delivered chiefly by mass soil movements and
surface erosion processes (Swanston 1991). Failure of stream crossings, diversion of
streams by roads, washout of road fills, and accelerated scour at culvert outlets are also
important sources of sedimentation in streams within roaded watersheds (Furniss et al.
1991).

Improper agricultural practices and residential/urban development can also affect streams
by accelerating erosion and sediment loading to streams and by changing the runoff
characteristics of watersheds. Farmed fields left fallow (i.e. barren of vegetative cover)
cause much surface erosion and sediment movement to streams as winter snow melts and
runs off carrying soil into stream channels. This is particularly a problem where riparian
vegetation has been removed and the land is farmed up to the bank’s edge. The
conversion of riparian habitat to landscaped lawns has the same effect, removing bank
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stabilizing root mass thereby contributing to accelerated streambank erosion. Riparian
vegetation naturally functions as a filter, capturing sediments and buffering the flow of
surface runoff into stream channels.

This category addresses impacts to the channel’s physical form and function resulting
from land use management practices that degrade the riparian zone or confine or
constrain the stream channel.

Streambank Condition.

Natural stream channel stability is achieved by allowing the river to develop a stable
dimension, pattern, and profile such that over time, channel features are maintained and
the stream system neither aggrades or degrades (Leopold et al. 1992, Rosgen 1996). For
a stream to be stable it must be able to consistently transport its sediment load, both size
and type (Leopold et al. 1992, Rosgen 1996). When the stream laterally migrates, but
maintains its bankfull width and width/depth ratio, stability is achieved even though the
river is considered to be an “active” and “dynamic” system (Rosgen 1996). Changes in
discharge and sediment supply result in a limited number of possible channel
adjustments, which vary with channel form and position within the stream network
(Montgomery and Buffington 1993). Potential adjustments include changes in width,
depth, velocity, slope, roughness and sediment size (Leopold et al. 1992). Channel
instability occurs when, over a period of years, the scouring process leads to degradation
(downcutting), or excessive sediment deposition results in aggradation. This attribute
includes known areas of destabilized streambanks, actively eroding or stabilized by some
channel stabilization technique.

Floodplain Connectivity.

Floodplains are relatively flat areas adjacent to larger streams and rivers that are
periodically inundated during high flows. In a natural state, they allow for the
development of productive aquatic habitats through lateral movement of the main
channel. Floodplains also provide storage for floodwaters, sediment, and large woody
debris. Floodplains generally contain numerous sloughs, side channels, and other
features that provide important spawning habitat, rearing habitat, and refugia during high
flows. Large woody debris in an active channel or floodplain creates conditions necessary
for plant colonization within an alluvial plain. Large woody debris is a primary
determinant of channel morphology, forming pools, creating low velocity zones,
regulating the transport of sediment, gravel, organic matter and nutrients and providing
habitat and cover for fish (Bisson et al. 1987). The alluvial fan area of a stream’s
floodplain is an important feature of the floodplain, dissipating flow energy and
maintaining and creating suitable rearing and spawning habitat over a wide range of
flows. However, along larger mainstem streams, where a tributary’s alluvial fan
encroaches on the mainstem’s floodplain (for example, at the edge of a valley wall), fans
can constrict flood flows of the mainstem and locally increase energies.
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There are two major types of human impacts to floodplain functions. First, channels are
disconnected from their floodplain laterally as a result of the construction of dikes and
levees, which often occur simultaneously with the construction of roads, and
longitudinally as a result of the construction of road crossings. Riparian forests are
typically reduced or eliminated as levees and dikes are constructed. Channels can also
become disconnected from their floodplains as a result of downcutting and incision
(degrading) of the channel from losses of LWD, decreased sediment supplies, and
increased high flow events. Reduced overbank flooding resulting from increased
entrenchment can reduce groundwater recharge and alter the flow regime (Naiman et al.
1992).

The second major type of impact is loss of natural riparian and upland vegetation.
Conversion of mature vegetated cover to impervious surfaces, early-mid seral deciduous
riparian stands, pastures, and farmed fields has occurred as floodplains have been
converted to urban/residential and agricultural uses. This has: 1) eliminated off-channel
habitats such as sloughs and side channels, 2) increased flow velocity during flood events
due to the constriction of the channel, 3) reduced subsurface flows, and 4) simplified
channels since LWD is lost and channels are often straightened when levees are
constructed.

Elimination of off-channel habitats can result in the loss of important rearing habitats for
juvenile salmonids such as sloughs and backwaters that function as overwintering habitat
for spring chinook, steelhead and bull trout. The loss of LWD from channels reduces the
amount of rearing habitat available for juveniles. Disconnection of the stream channels
from their floodplain due to levee and dike construction increases water velocities, which
in turn increases scour of the streambed. Salmon that spawn in these areas may have
reduced egg to fry survival due to the scour. Removal of riparian zones can increase
stream temperatures in channels, which can stress both adult and juvenile salmon.
Sufficiently high temperatures can increase mortality.

This attribute includes direct loss of aquatic habitat from human activities in floodplains
(such as filling) and disconnection of main channels from floodplains with dikes, levees,
and revetments. Disconnection can also result from channel degradation (downcutting)
caused by changes in hydrology or sediment inputs.

Width/Depth Ratio.

The width/depth ratio is defined as the ratio of the bankfull surface width to the mean
depth of the bankfull channel (MacDonald et al. 1991; Rosgen 1996; Bain and Stevenson
1999). The bankfull stage is associated with the flow that just fills the channel to the top
of its banks and at a point where the water begins to overflow into a floodplain
(MacDonald et al. 1991; Rosgen 1996). Width/depth ratio is the most sensitive and
positive indicator of trends in channel instability due to channel aggradation of any
morphological characteristic (Rosgen 1996).
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The magnitude and rate of change in channel width and width/depth ratio will depend on
factors such as the slope of the stream the shape of the valley bottom, the bank and bed
materials, and the recent flood history. Stream channel measurements must be combined
with information on management activities, storm events, and sediment sources (i.e.
roads, debris flows, landslides, or fires). Although this may make it difficult to establish
specific standards, it should not mask general trends.

Natural stream channel stability is achieved by allowing the river to develop a stable
dimension, pattern, and profile such that, over time, channel features are maintained and
the stream system neither aggrades or degrades. For a stream to be stable it must be able
to consistently transport its sediment load, both in size and type, associated with local
deposition and scour (Rosgen 1996). Channel instability can occur when the amount
sediment entering the system exceeds the channel’s transport capacity and deposition
results in aggradation. As the width/depth ratio increases, (i.e. the channel grows wider
and more shallow), the hydraulic stress against the bank also increases and bank erosion
is accelerated. Increases in the sediment supply to the channel develop from bank
erosion, which by virtue of becoming an over widened channel, gradually loses its
capability to transport sediment. Deposition occurs, further accelerating bank erosion,
and the cycle continues (Rosgen 1996). A stream reach with eroding banks should be
evaluated to determine to what extent the bank instability is within the natural range of
variability or is a symptom of an increased trend toward channel degradation (incision) or
aggradation (widening) resulting from human-induced changes to the watershed.

This attribute addresses conditions where there is a trend toward channel aggradation.

Entrenchment Ratio.

Entrenchment describes the relationship of the river to its valley and landform features in
terms of the vertical containment of the river (Rosgen 1996). The entrenchment ratio is
defined as the ratio of the flood-prone area width to the bankfull channel width. The
flood-prone area width is measured at the elevation that corresponds to twice the
maximum depth of the bankfull channel as taken from the established bankfull stage
(Rosgen 1996). Entrenchment is qualitatively defined as the vertical containment of a
river and the degree to which it is incised in the valley floor (Rosgen 1996).

The magnitude and rate of change in channel depth and width/depth ratio will depend on
factors such as the slope of the stream the shape of the valley bottom, the bank and bed
materials, and the recent flood history. Stream channel measurements must be combined
with information on management activities, storm events, and sediment sources (i.e.
roads, debris flows, landslides, or fires). Although this may make it difficult to establish
specific standards, it should not mask general trends.

Natural stream channel stability is achieved by allowing the river to develop a stable
dimension, pattern, and profile such that, over time, channel features are maintained and
the stream system neither aggrades or degrades. For a stream to be stable it must be able
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to consistently transport its sediment load, both in size and type, associated with local
deposition and scour. Channel instability may occur when the scouring process leads to
degradation or lowering of the channel bed (Rosgen 1996). This may occur as a result of
alterations within a watershed that increase stream discharge, increase stream gradient or
decrease channel roughness features (i.e. Headcuts are evidence of a stream channel
attempting to reestablish an equilibrium in slope by lowering its bed (Leopold et al.
1992). A stream with eroding banks or headcut activity should be evaluated to
determine to what extent the channel instability is within the range of natural variability
or is a symptom of an increased trend toward channel degradation (incision) or
aggradation (widening) resulting from human-induced changes in the watershed.

This attribute addresses conditions where there is a trend toward channel degradation.

HABITAT ELEMENTS.

This category includes components of the stream channel that contribute to habitat
complexity. These elements in turn translate to an increased potential for density
dependent salmonid productivity.

Channel Substrate

Substrate refers to the mineral and organic material forming the bottom of a waterway or
waterbody. The composition of the substrate determines the roughness of stream
channels, and roughness has a large influence on channel hydraulics (water depth, width,
and current velocity) of stream habitat. Substrate provides the micro-conditions needed
by salmonids for both spawning and rearing (Bjornn and Reiser 1991). During
incubation, sufficient water must circulate through the redd as deep as the egg pocket to
supply the embryos with oxygen and carry away waste products (Bjornn and Reiser
1991). Once incubation is complete and the alevins are ready to emerge from the redd
and begin life in the stream, they must move from the egg pocket up through interstitial
spaces to the surface of the streambed. If fine sediments are being transported in a stream,
some of the sediment is likely to be deposited in the redd. Emergence can be a problem
if the interstitial spaces have been filled with sediment and do not permit passage of the
alevins (Bjornn and Reiser 1991). The amount of fine sediment deposited and the depth
to which it intrudes depend on the size of substrate in the redd, flow conditions in the
stream, and the amount and size of sediment bring transported (Bjornn and Reiser 1991).
Increased sediments also reduce pool depth from pool filling, alter substrate composition,
and result, through channel aggradation, in streambank instability. This attribute includes
substrate conditions as they relate to rearing habitat only, including but not limited to, the
degree of substrate embeddedness and substrate mobility.
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Large Woody Debris (LWD).

LWD provides important physical and biological functions in the wide variety of habitats
used by all salmonids; such as cover in which to hide from predators or retreat from high
velocities. The presence of LWD in the floodplain creates the diversity of habitat
conditions that support multiple life stages of salmonids. In small streams, LWD traps
sediment, causes local bed and bank scour, and creates pools. Small channels are highly
dependent on in-channel woody debris structure for stability. Nelson (1998) states that
the abundance of LWD is often associated with the abundance of salmonids and is
thought to be the most important structural component of salmon habitat. Large woody
debris east of the Cascades is generally described as wood material ( >12 in diameter and
>35 ft long; USFWS 1998) that mainly enters stream channels from stream bank
undercutting, windthrow, and slope failures.

When considering channel conditions in fish-bearing streams, the potential contribution
or recruitment of LWD from non-fish-bearing tributaries is an important factor. Size
standards for LWD and number of pieces per area are highly variable between agencies.
So are the threshold criteria established to differentiate between levels of habitat
functionality as it relates to LWD. Some of this variation is the result of the variability
among stream geomorphology, hydrology and the surrounding ecosystem. The
anticipated location and size of LWD accumulations within a stream channel and its
floodplain are a function of the stream’s hydrology, its physical characteristics
(geomorphology) and the surrounding physical/vegetative environment. For example,
the White/Little Wenatchee watershed analysis (USFS 1998m) showed that the White
and Little Wenatchee river channels may be comparable to the Chiwawa River, Nason,
and Icicle creeks channels in terms of processes and range of natural condition. The
mainstem Chiwawa River (95-160 LWD>12"/mile) and Indian Creek, Reach 2 (74
LWD>12"/mile) may represent the natural condition of LWD abundance in low gradient,
gravel-dominated, pool-riffle channels in this landtype (USFS 1998c).

LWD creates lateral channel migration and complexity. It sorts gravels, stores sediment
and gravel, contributes to channel stabilization and energy dissipation and maintains
floodplain connectivity. Large accumulations of LWD in the lower floodplain can direct
flow into meander loops and result in formation of riverine ponds and other off-channel
habitat features, providing for the recruitment of new LWD from these side channel
areas. Large woody debris can also indirectly function as a formative factor in channel
processes.

This attribute addresses impacts resulting from: the removal or the lack of LWD; and the
decrease or the loss in LWD recruitment and/or recruitment potential.

Absence of large woody debris:
» decreases complexity with fewer pools and less off channel habitat;

 lowers productivity;
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» decreases channel stabilization;
» decreases energy dissipation;

» decreases cover.

Pool Frequency.

Pools are formed by the interaction of flow with solid and loose boundaries, such as
LWD, boulders, bends, streambed and other flows (Nelson 1998). Pool formation
primarily occurs during moderate to high flow events. The interaction of flow with these
boundaries causes flow to converge and accelerate, increasing bed scour though increases
in bed shear stress. Pools form around channel obstructions (i.e. boulders, bridge piers,
culverts, LWD), at meander bends, and at tributary channel junctions (Nelson 1998).
Sediment levels, LWD levels, and human-made channel obstructions can alter the pattern
and frequency of pool development within the geologic and hydrologic confines of the
channel. Pools function to provide adult holding habitat, juvenile overwinter rearing
habitat and thermal refuge.

In a study of how sediment supply influences features like pools and habitat diversity in
the presence of LWD, Nelson (1998) concluded that large woody debris had the most
significant influence on pool frequency and amount of pool area present, with pool area is
a function of LWD and channel slope. The location of LWD within the bankfull channel
had a significant effect on the amount of pool area. Large woody debris in contact with
the summer low flow stream channel was the most effective at forming pools. Large
woody debris was also the primary pool-forming factor identified. No significant
relationship was found between sediment supply and pool area although sediment supply
did appear to have a weak positive relationship to pool frequency.

This attribute addresses pools identified as the percent of wetted channel surface area
comprising pool habitat, based on channel type.

Pool Depth.

In a study conducted in the Skagit and Stilliquamish watersheds (Nelson 1998), pool
depth was determined to be predominantly a function of drainage area. Sediment supply
by itself was not significantly related to pool depth, however, when sediment supply is
combined with basin area these two variables explain significantly more of the variation
in pool depth than either individually. Increases in sediment supply resulted in a slight
decrease in pool depth and appear to take a subordinate role to basin area.

Pool depth is significant in that it affects the value of a pool for thermal refuge, adult
holding, and juvenile overwintering habitat. Other variables, like shading provided by
riparian vegetation and LWD structures associated with pools, can improve a pool’s
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usefulness to fish. This attribute evaluates the presence or absence of pools greater than
three feet deep (1 meter) in stream greater than nine feet (3 meters) in wetted width.

Off-Channel Habitat.

Off-channel habitat, or side channels, are formed as a by-product of channel migration
and woody debris input and sediment accumulations (USFS 1998m). Side channels are
most predominant in stream types located in narrow to wide valleys and constructed from
alluvial deposition (C type channel; Rosgen 1996; USFS 1998m). The “C” type channels
also have a well developed floodplain (slightly entrenched), are relatively sinuous with a
channel slope of 2% or less and a bedform morphology indicative of a riffle/pool
configuration (Rosgen 1996). Off-channel habitat provides refuge for rearing juveniles
from high flow events that can otherwise flush young fish downstream, potentially into
less suitable habitat.

Juvenile salmonids are known to use the mouth of tributaries to known fish-bearing
streams, to rear, generally not moving more than a few hundred feet to a ¥ mile up into
the tributary. This is typically referred to as “pull-in” behavior. These areas tend to
represent that portion of the tributary that functions as an alluvial fan and is influenced by
the channel migration zone of the mainstem (TAC 2000). The “pull-in” areas along with
side channels and oxbows of the mainstem or accessible sections of tributaries provide
protection from larger, predatory fish, and protection from higher flows.

This attribute includes side channels, sloughs, and surface-connected wetlands that
provide refuge from high velocity flows and predation for rearing juvenile salmonids.

WATER QUALITY.

Cool, well-oxygenated water is required by salmonids. As stream temperatures rise, their
dissolved oxygen content is reduced. Water temperatures of approximately 23-25°C (73-
77°F) are lethal to salmon and steelhead (Theurer et al. 1985) and genetic abnormalities
or mortality of slamonid eggs occurs above 11°C (51.8°F).

Temperature increases and consequent reductions in available oxygen tend to have
deleterious effects on fish and other organisms by: 1) inhibiting their growth and
disrupting their metabolism; 2) amplifying the effects of toxic substance; 3) increasing
susceptibility to diseases and pathogens; 4) encouraging an overgrowth of bacteria and
algae which further consume available oxygen; and 5) creating thermal barrier to fish
passage.

In addition to fine sediment levels and water temperatures, other water quality parameters
such as dissolved oxygen (DO) levels, the presence of fecal coliform, and pH levels can
affect salmonid habitat quality. Major potential stream pollutants include nutrients such
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as nitrates and phosphates, heavy metals from mining waste, and compounds such as
insecticides, herbicides, and industrial chemicals.

Water quality parameters addressed by this category include only stream temperature and
fine sediment that directly affect salmonid production. Currently, these two water quality
parameters are considered to be having a much greater negative influence on salmonid
production in the Wenatchee subbasin than the other parameters (TAC 2000). Therefore,
dissolved oxygen levels, fecal coliform, pH levels, nutrients, heavy metals and
agricultural/industrial chemicals are not addressed in this category although exceedences
of state/federal water quality standards for some of these parameters have been
documented in areas of the Wenatchee subbasin, especially in Mission, Brender and
Chumstick creeks (Hindes 1994). Dewatering/low flows, high summer instream
temperatures, fish passage and loss of floodplain functions are of much greater concern
regarding salmonid production in these streams.

Temperature.

Water temperature strongly influences the composition of aquatic communities with
salmonids thriving or surviving only within a limited temperature range. Physiological
functions are commonly influenced by temperature, some behaviors are linked to
temperature, and temperature is closely associated with many life cycle changes.
Temperature indirectly influences oxygen solubility, nutrient availability, and the
decomposition of organic matter; all of which affect the structure and function of biotic
communities. As water warms, oxygen and nutrient availability decrease, whereas many
physiological and material decomposition rates increase. These temperatures-moderated
processes can influence the spatial and temporal distribution of fish species and aquatic
organisms (Bain and Stevenson 1999).

Water temperature varies with time of day, season, and water depth. Although
temperatures are particularly dependent on direct solar radiation, they are also influenced
by water velocity, climate, elevation, location of stream in the watershed network,
amount of streamside vegetation providing shade, water source, temperature and volume
of groundwater input, the dimensions of the stream channel, and human impact. To
effectively analyze the extent of impacts of high instream temperatures on salmonid
behavior and survival, the duration of the high instream temperatures needs to be
considered. For example, water temperatures may increase during the summer months
during the daytime hours but may decrease in the evenings as the air temperature also
drops. This diurnal effect on instream temperatures can act as a temporary barrier or
stressor to salmonids. Conversely, instream temperatures that remain above preferred
temperatures for salmonids for an extended period of time, may have more significant
impacts to salmonid survivability and health. There a other factors that need to be
considered when assessing the extent of short-term or more extended periods of high
instream temperatures on salmonids (i.e.fish densities, habitat quality, habitat quantity,
time of year). This attribute addresses high or low instream water temperatures that
negatively affect salmonid migration or survival during any life history stage.
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Fine Sediment.

This attribute addresses impacts to spawning habitat from fine sediment levels. Only data
that is derived from McNeil core sampling will be considered except in unmanaged areas
(wilderness) where fine sediment conditions were rated as “Good” (Properly
Functioning) even if McNeil core sampling were not available. In unmanaged areas, fine
sediment accumulations can be considered a naturally-occurring condition (TAC 2000).

Streambed particles in the redd after eggs have been laid and covered, and particles that
settle into the redd and surrounding substrate during incubation, affect the rate of water
interchange between the stream and the redd, the amount of oxygen available to the
embryos, the concentration of embryo wastes, and the movement of alevins (especially
when they are ready to emerge form the redd). Condition for embryos within redds may
change little or greatly during incubation depending on weather, streamflows, spawning
by other fish in the same area at a later time, and fine sediments and organic materials
transported in the stream. Redds that remain intact during incubation may become less
suitable from embryos if fine sediments are deposited in the interstitial spaces between
the larger particles. The fine inorganic particles impede the movement of water and
alevins in the redd and fine organic particles consumes oxygen during decomposition; if
the oxygen is consumed faster than the reduced intragravel water flow can replace it, the
embryos or alevins will asphyxiate (Bjornn and Reiser 1991).

WATER QUANTITY.

Changes in flow conditions can have a variety of effects on salmonid habitat. Decreased
flows can reduce the availability of summer rearing habitat and contribute to temperature
and access problems, while increased peak flows can scour or fill spawning redds. Other
alterations to seasonal hydrology can strand fish or limit the availability of habitat at
various life stages. Extended periods of low flows can delay the movement of adults into
streams, draining their limited energy reserves, affecting upstream distribution and
spawning success. High winter flows can cause egg mortalities by scouring and/or
sedimentation of the spawning beds. Low winter flows can contribute to anchor ice
formation and result in the freezing of eggs or stranding of fry. The overwinter survival
of juvenile fish can be negatively affected by the reduction in the quantity and quality of
winter rearing habitat as a result of low flows.

Stream flow is moderated by riparian vegetation as well as vegetative cover in the
uplands. The removal of upland and riparian vegetation through timber harvest, road
development, and through the conversion of land for agriculture and residential/urban
use alters surface water runoff patterns and ground water storage patterns. There is some
debate concerning the extent to which upland vegetation affects stream flow regimes
when analyzed at certain scales. Based on the relative area of upland to riparian habitat,
there is discussion that in terms of precipitation interception, and evapotranspiration,
uplands may play a bigger role than previously considered. Regarding riparian areas,
riparian vegetation assists in regulating stream flow by intercepting rainfall, contributing
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to water infiltration, and using water via evapotranspiration. Plant roots increase soil
permeability, and vegetation helps to trap water flowing on the surface, thereby aiding
infiltration. Water stored in the subsurface sediments is later released to streams through
subsurface flows. Through these processes, riparian and upland vegetation help to
moderate storm-related flows and reduce the magnitude of peak flows and the frequency
of flooding.

Stream flows are also be affected by the removal of instream flows for domestic,
agricultural and municipal use, thereby reducing fish habitat quantity and quality. The
impacts of reduced flows vary depending on a combination of fish use in the affected
reach and the extent and duration of reduced flows.

This category addresses changes in flow conditions brought about by changes in upland
vegetative cover, road development, and water diversions.

Changes in upland vegetative cover can:
* influences snow accumulation and melt rates;
» influences evapotranspiration and soil water content;

» influences soil structure affecting infiltration and water transmission rates.

Road development can:

* increase magnitude and advance the timing of peak flow events by increasing
impervious areas.

Water diversions can:

» delay or prevent movement of spawning/migrating adults and rearing juveniles;
* reduce available rearing areas for juveniles;

» contribute to increased water temperatures and decreased dissolved oxygen;

» dewater or contribute to low flow conditions downstream of the point of diversion.

Dewatering.

Loss of flow in a channel or a stream reach can be the result of natural hydro-geologic
conditions, the result of human activities, or a combination of both factors. Often the
cause or causes of dewatering, when there have been significant alterations in the
drainage, is difficult to determine. This attribute addresses those stream reaches where
dewatering is known to occur downstream of a water diversion, when flows are still
present upstream of the diversion, indicating a strong correlation between water diversion
and loss of instream flow.
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Change in Flow Regime.

The quantity of available water and the rate at which it reaches the stream channel and
passes through the channel system are influenced by precipitation regimes, watershed
size, vegetation cover, and certain topographic consideration (Swanston 1991). Altering
the vegetative component of a watershed and diverting instream flows for out-of-stream
uses can have a significant effect on the timing and magnitude of peak and low flows.
Changes in flow conditions can have a variety of effects on salmonid habitat. Decreased
low flows can reduce the availability of summer rearing habitat and contribute to
temperature and access problems, while increased peak flows can scour or bury spawning
nests. Changes in percent cover, species composition, and/or stand age class can change
interception, evapotranspiration and soil water retention rates thereby changing flow
regimes. Timber harvest activities, conversion of land to agricultural and
urban/residential use, and fire are all actions that have the potential to disturb the
vegetative community of a drainage to the extent that there is a noticeable affect on the
stream flow regime. High road densities, soil compaction associated with agricultural
activities, timber harvest, and grazing all contribute to increased surface water runoff and
decrease soil permeability and water retention. The diversion of instream flows have the
potential to alter the magnitude and duration of low flows, affecting stream channel
conditions and decreasing total wetted area.

This attribute addresses changes in peak or base flows and/or flow timing relative to what
one would expect to see in an undisturbed watershed of similar size, geology and

geography.

Habitat Limiting Factors by Watershed

MAINSTEM WENATCHEE RIVER WATERSHED

Mainstem Wenatchee River Watershed Description

The Mainstem Wenatchee River Watershed covers the mainstem Wenatchee River,
flowing southwesterly from its origination at the mouth of Lake Wenatchee (RM 54.2), to
its junction with the Columbia River at the city of Wenatchee (Columbia River RM
468.4). It includes Derby Canyon (RM 19.0), Chumstick Creek (RM 23.5), Chiwaukum
Creek (RM 36.0), and Beaver Creek (RM 46.5 ) drainages and the smaller tributaries
flowing directly into the Wenatchee River between Lake Wenatchee and its confluence
with the Columbia River. Excluded are the White/Little Wenatchee (which includes
Lake Wenatchee), Chiwawa, Nason, Icicle, Peshastin, and Mission watersheds, which are
covered as separate watersheds in this report. Watershed boundaries within Watershed
Resource Inventory Area (WRIA) 45, the Wenatchee subbasin, are based on USFS
Hydrologic Unit Code (HUC) 5" field levels as provided by the USFS in 2000. To allow
for the presentation of information on the Wenatchee River and other fish-bearing
drainages within the Mainstem Wenatchee River Watershed in adequate detail, the
Wenatchee River, Derby Canyon, Chumstick, Chiwaukum, and Beaver Creek drainages
are discussed separately within this Mainstem Wenatchee River Watershed section,
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following an overall description of the Mainstem Wenatchee River watershed and general
fish use within the watershed.

The Mainstem Wenatchee watershed encompasses approximately 203,088 acres (C.
Raekes, USFS, pers. comm., 2001). Most of the annual stream flow in the Wenatchee
River at the mouth originates from separate watersheds in the upper subbasin; the
Chiwawa River (15%), the White River (25%), the Little Wenatchee River (15%), Nason
Creek (18%), and Icicle Creek (20%). Snow melt in the Cascades is the principal source
of water for the watershed's larger streams and provides about 80% of the total runoff
from the watershed (USFS 1999a). Elevations range from 653 feet at the mouth to 7993
feet on Snowgrass Mountain in the Chiwaukum drainage of the Mainstem Wenatchee
watershed. Precipitation varies from just over 8.5 inches per year in the town of
Wenatchee (USFS 1999a), to upwards of 50 inches per year on both the Entiat and
Tumwater Ridges in the Chumstick drainage (USFS 1999b). Approximately 18% of the
watershed is in private ownership (36,923 acres), 3% state ownership (5,699 acres), 1%
Public Utility District ownership (112 acres), and 60% USFS ownership. With the
available existing GIS land ownership data within the national forest boundary, it was not
possible for the USFS to determine ownership for 19 % of the total acreage of the
watershed (38,952 acres; C. Raekes, USFS, pers. comm., 2001).

The Wenatchee River is paralleled by state highways for most of its length: State
Highway 2 parallels the Wenatchee River from its mouth upstream to Tumwater Canyon;
a County Road (River Road) parallels segments of the River between Tumwater Canyon
and the community of Plain; State Highway 209 (Beaver Valley Highway) parallels the
Wenatchee River on the west side from approximate RM 46.0 - 50.0, while County Road
22 parallels the east side of the river for the same approximate river miles. The towns of
Wenatchee (RM 0.0), Cashmere (RM 10.4 ), Peshastin (RM 17.9 ), Leavenworth (RM
25.0), and Plain (RM 46.2) are sited along the Wenatchee River.

The primary natural disturbance processes in the watershed are fire and debris slides.
Disturbances in ecosystems are important mechanisms of succession which provide for
diversity on the landscape. In addition, native species have adapted to, and in part
evolved with, natural disturbance events (USFS 1999c). The natural fire regime is a low
intensity fire every 5-10 years in the lower elevations while the upper elevations have
high intensity stand replacing fires every 50-100 years. Mass wasting are common after
high intensity fires. Mass wasting also occur along the steep slopes in the weaker
incompetent beds usually associated with shale (USFS 1999a).

Table 3 below, describes current, known salmon, steelhead, and bull trout use in the
Mainstem Wenatchee River watershed. Summer chinook, spring chinook, bull trout and
steelhead/rainbow trout both spawn and rear in waters within the Mainstem Wenatchee
River Watershed. Sockeye rear but do not spawn within the watershed boundaries. All
the salmonid species identified here rely on the Wenatchee River, which falls within the
Mainstem Wenatchee Watershed, as a corridor to spawning and rearing habitat
throughout the Wenatchee River subbasin (WRIA 45). Maps in Appendix A illustrate
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salmon, steelhead and bull trout distribution; tables in Appendix B provide supporting
information for the fish distribution maps.

Table 3:Current, known salmon, steelhead, and bull trout use in the Mainstem
Wenatchee River watershed.

Mainstem Spring Summer Steelhead/ Sockeye Bull Trout
Wenatchee Chinook Chinook Rainbow
River
Watershed
[
o = o = o = o o o o .8
S|l | 8|S | |8 |SE|=c|B|lc | |8B|c|c| <
§§.9§§.9§§.9§§.9§8-9
nle | S|lo|laxel| = nlel|=S|o @ S| 5|l x| =
Lower
Wenatchee River X X X X | X X | X [ X X X | X
(RM 0.0 - 25.6)
Middle
Wenatchee River X X X X | X X | X [ X X X | X
(RM 25.6 — 35.6)
Upper
Wenatchee River | X | X X X X | X X | X | X X X | X
(35.6 - 54.2)
Derby Canyon
Creek X X
Chumstick
Creek X XXX
Eagle Creek X | X
Chiwaukum =1 o 1y | x X [ X |x X | x | x
Creek
Skinney
Creek X X | X
Beaver Creek X | X

Wenatchee River.

Wenatchee River Description . The elevation is 1,876 feet at the mouth of Lake
Wenatchee where the Wenatchee River originates; the elevation at its confluence with the
Columbia River is 615 feet. The valley bottom is entirely in private ownership from the
mouth upstream to RM 27.0 just upstream of the Icicle Creek Road/Hwy. 2 junction.
Upstream of RM 27.0, the Wenatchee River flows through a checkerboard pattern of
private and federal ownership. The glacial till component of the valley bottom (in the
upper watershed, above Tumwater Canyon) contributes greatly to the formation of
wetlands and is linked to groundwater storage and remnant channel locations, and the
most species richness in the entire watershed. Subsurface flow through the landtype is
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relatively high, with subsurface and instream flow in continuity adjacent to streams
(USFS 1999c).

With the 1890 construction of the Great Northern Railway up the Wenatchee River, came
white settlement which included agriculture and irrigation diversions. Dryden Dam (RM
17.0), an 8-foot high irrigation diversion dam, was constructed along with the Highline
Canal in the early 1900’s (Hindes 1994) to provide for the water supply to the Wenatchee
Reclamation District (up to 200 cfs; MCHCP 1998b). The Jones-Shotwell water
diversion is located at RM 7.2. The Pioneer-Gunn water diversion, which began taking
water in 1891 (Hindes 1994), is located at RM 6.6. Minimum flows were established by
WAC 173.545.030 for the Wenatchee River at Monitor (RM 7.0), Peshastin (RM 21.5),
and Plain (RM 46.2; Hindes 1994).

Because different geologic processes dominate the generation, transport, and storage of
sediment and wood, the Wenatchee River, for the purposes of this report, is divided into
three geologically distinct areas: 1) Upper Wenatchee, 2) Middle Wenatchee, and 3)
Lower Wenatchee. This allows for the identification of channel networks which are
comparable based on geologic, hydrologic and erosional processes which in turn, impose
similar controls on channel processes (USFS 1999c).

» Lower Wenatchee: from the Columbia River confluence (RM 0.0) upstream to the
bottom of Tumwater Canyon at Icicle Creek (RM 25.6); is divided into three reaches
for the assessment portion of this report.

* Middle Wenatchee: Tumwater Canyon (RM 35.6 — 25.6); is presented as a single
reach for the assessment portion of this report.

» Upper Wenatchee: from the top of Tumwater Canyon (RM 35.6) to the outlet of Lake
Wenatchee (RM 54.2); is presented as a single reach for the assessment portion of
this report.

Wenatchee Rive